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table setting 
Georg Jensen Inc., New York 


For your packaged cereals and dry mixes we suggest 


BANANA *® BUTTER CARAMEL *® LEMON 
MAPLE *® PINEAPPLE 


Developed in the I.F.F. Research 2nd Creative Laboratories specifically to 
give better quality taste to prepared mixes, and carefully designed to 
withstand long shelf-life and bakeout, these flavors will assuze 

BASIC GOOD TASTE when your product is served. 


Send for your samples! 


INTERNATIONAL FLAVORS & FRAGRANCES INC. 


von Ameringen-Haebler and Polak & Schwarz 


521 West 57th Street New York 19, New York 


ARGENTINA AUSTRIA BELGIUM BRAZIL CAANADA ENGLAND FRANCE GERMANY 
HOLLAND INDONESIA ITALY NORWAY SOUTH AFRICA SWEDEN SWITZERLAND 


LEADING CREATORS AND MAWUFACTURERS IN THE WORLD OF FLAVOR 
The union >f these two famous brands, te form International Flavors & Fragranues, Inc., brings together an 
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WHY ARE SO MANY FOOD PROCESSORS 
INTERESTED IN SAFFLOWER OIL? 


SAFFLOWER Since saturated fats have been found to build up cholesterol in the blood- 
stream (one of the suspected causes of atherosclerosis and possibly other 
Ol L metabolic diseases), food processors are turning more and more to the use 
by PVO Process of Safflower oil. For good reason: Research relates Safflower oil to the reduc- 
tion of cholesterol in the blood. Safflower oil is over 90‘: unsaturated. It is 
over 76% linoleic acid—containing more essential fatty acids than any 
other available vegetable oil or shortening. 

Other attributes, such as clear color, non-reverting flavor and complete 
palatability make Safflower oil one of the most versatile ingredients in the 
food field. Let this dramatically different ingredient give your product a 

new point of difference. Write for literature and samples today. 


Pioneered by 


PACIFIC VEGETABLE OIL CORP. 


Depr. TK-4 1145 SOUTH TENTH STREET - RICHMOND, CALIFORNIA 
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Formula for perfect flavor! There are two ways to improve the quality and 
consistency of the flavors you use. Choose from Kohnstamm’s unique collection 
of assorted flavors. Or have Kohnstamm researchers create a new flavor designed 
specifically for your needs. Call today and learn which way is best for you. 


4. KOHNSTAMM & COMPANY, INC. 


Established 1851 


161 Avenue of the Americas, New York 13 / 11-13 E, Illinois St., Chicago 11 / 2632 E. 54 St., Huntington Pk., Calif. 
Branches in other principal cities of the U.S.A. and throughout the world 
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help IFT give away $22,000! 


= K COOPERATION is requested in 


helping give away $22,000! 

Your Institute is responsible for this pleasant task 
each year, and you can help. 

Consider now, who you feel should receive these 
funds. Only thirteen persons in the United States 
and Canada will be selected. 

Purpose of expenditure of these monies is to en- 
courage 

graduate work in the field of food science 

graduate work in the field of science with particular 
emphasis on its relation to foods 

graduate work in the fields of food science and food 
technology 

deserving and outstanding students to take under- 
graduate work leading to a Bachelor’s Degree in 
Food Technology, Food Engineering or Food 
Serence, 


Anyone Can Help 


Furtherance of educational standards in the United 
States is one reason the LET administers Fellowships, 
Scholarships, and Awards. You, member or not, can 
help in this administration by bringing these awards 
to the attention of students who you feel may qualify. 
Support your organization as it attempts te do its 
part in maintaining and raising U. S. edueational 
standards, 

A $1000 Florasyuth Fellowship is administered each 
year. It is awarded to a B.Se. candidate who has a 
better than average scholastie record, and who is 
engaged or plans to engage in graduate work for an 
advanced degree in one of the fields listed above. In 
addition, the awardee shall receive engrossed 
plaque. 


IFT’ers Important 


Each of the other twelve individuals receiving an 
award must make his own application. This is where 
Institute members are extremely important. Try to 
ensure that all qualified students in your area are 
aware of the possibility of receiving financial aid 
toward their education. Most members probably 
realize the significance of such aid to a student and 
potential member of the Institute. 

Twelve thousand dollars is donated annually by 
the General Foods Fund, Ine., in the form of three 
General Foods Fellowships at $4,000 each, with an 
engrossed plaque to each awardee. Fellowships will 
be awarded to deserving and outstanding United 
States or Canadian citizens, engaged senior 
undergraduate or graduate work in recognized edu- 
cational or research institutions the United 
States of America or Canada, and who propose to 
pursue graduate work in basic or applied chemistry, 
chemical engineering or related sciences, which 
may involve new physical or other procedures, di- 
rected to extending or improving knowle lge in some 
phase of food conservation, food production or food 
processing, rather than primarily for research in the 


a 


fields of nutrition, bacteriology or analytical chemis- 
ory. 


Tell Students This... 


Tell students they are responsible for submitting 
their own letter-form application in applying for the 
General Foods Fellowships. 

The applicant shall have an approved plan of re- 
search and acceptance thereof by the Graduate Schoo! 
of the institution in which he proposes to hold the 
Fellowship. In presenting his application, the appli- 
cant should indicate his definite intentions on his 
word as a gentleman, to carry through with his 
approved research plan for the period of time for 
which the award is made insofar as it is humanly 
possible. 

The other Fellowship, of which your Institute is 
administrator and donor, is the Samuel Cate Prescott 
Fellowship. An engrossed plaque and $1,000 is 
awarded annually to the student selected, who meets 
the following general conditions: the award will be 
made annually to an outstanding yocng man or 
woman of any nationality engaged in senior under- 
graduate or first vear graduate work in the generi#il 
field of food science and food technology, at a recog- 
nized educational or research institution in the Unite: 
States or Canada. 

Again the Institute relies on its members to dis- 
seminate information to students that they are re- 
sponsible for submitting applications. 

DEADLINE for receipt of all Fellowship nomina- 
tions and applications will be strictly adhered to this 
vear. The date is March 1, 1960. 

Kight thousand dollars worth of undergraduate 
awards and scholarships yatued at one thousand dol- 
lars each, will be made this year, with Gerber Baby 
Foods Fund, Ine. donating six. Dodge and Olcott, 
Inc. will donate one such scholarship, as will the 
F. Ritter & Co. Accompanying these awards will be 
an engrossed plaque for each awardee. 


.., and This 


Qualifications for each of the undergraduate awards 
and scholarships are similar, viz.: an applicant to 
qualify must have satisfactorily completed, prior to 
the effective date of the award, two full years of col- 
lege work that will adequately prepare a student to 
complete the Junior and Senior years of a Food 
Technology course that is the equivalent of the model 
curriculum approved by the Institute of Food Tech- 
nologists (see Foop TecHNOLoGY, Vol. 12, No. 9, 1958). 
Candidates will be judged on over-all ability including 
scholarship, personality, extra curricular activities, 
social adjustment, character, ete. 

So beat the deadline, March 1, 1960, by which time 
all applications and nominations for all awards must 
be received. Submit to Executive Secretary, Institute 
of Food Technologists, 176 W. Adams Street, Chicago 
3, Illinois, along with any questions or correspondence. 
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Make the vanilla | 


Make the taste test. . . the cost test 
... and you'll decide on Planifoline 
. available in one to 10-fold con- 
centrates, oleoresins, and imitation 
vanilla sugars of varied strengths. 


EXECUTIVE OFFICES: 900 VAN NEST AVE., (BOX 12) NEW YORK 62, N.Y. 


LABORATORIES INC. CHICAGO 6 « LOS ANGELES 21 
e Boston Cincinnati Detroit Dallas New Orleans 


e St. Louis ¢ San Francisco 
Sales Offices in Principal Foreign Countries 
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IN THIS ISSUE-— 


THE TECHNICAL ARTICLES IN BRIEF 


Peeling method Potatoes 


Lye-pressure steam peeling of potatoes and other products. 
Harold W. Adams, Frank D. Hiekey, and Miles J. Wil- 
lard, Jr. 


Whether a mechanical lye peeler or a steam peeler is used 
each has its limitations. However, a comparatively new 
method, pre-coating products with hot caustie solution, and 
then subjecting them to atmospheric steam under pressure, 
has been shown to offer greater flexibility than other tech- 
niques, and better process control. This paper presents 
the advantages of such a system—comparing its labor 
saving, yield, and flexibility of application against the same 
factors when steam or lye alone is used, Since processors 
are becoming more and more cognizant of the costs of 
operation and yield, the coneepts introduced here should 
be of much interest. Also studied were the holding times in 
lve and steam in order to determine peel loss and peeling 
efliciency. Correlation of surface area to peel loss was 
studied, using Idaho potatoes. As sarface areas increase, 
peel loss is decreased. Five per cent lye followed by 45 
seconds at 75 p.s.i.g. steam resulted in good peeling, the 
peel loss being 14.607. Addition of a wetting agent to 5% 
tye, followed by steam, produced good results with high 
yield, Cost analyses on three peeling methods indicated 
lve plus steam is the most economical method of peeling. 
(See page 1.) 


(irain- US. grass- 
finished beef 
The quality of grain-finished and grass-finished beef as 


affected by ripening. Bernadine Meyer, Juanita Thomas, 
Ruth Buekley, and J. W. Cole. 


Quality evaluation 


Feed management and ripening are two of many inter- 
acting factors affecting the quality of beef as judged by 
producer, packer, and consumer, Ripening up to a certain 
point improves the eating qualities of beef, but the effects 
of specifie feeding regimes do not seem so clearly defined. 
Thinking differs as to the merits of grass-finishing versus 
grain-finishing in preparing beef for market. The popular 
opinion seems to be that grain-fed beef is superior to 
grass-fed, The purpose of the work reported here was to 
test the effects of limited and extensive ripening on the 
palatability of beef from grain-finished and grass-finished 
steers. Other conditions which might affect palatability 
factors were controlled as far as possible, Effeets of 2, 7, 
21, and 42 days of ripening on the palatability of grain- 
finished and grass-finished beef were studied. Medium- 
done loin roasts cooked by dry heat, and well-done round 
roasts cooked by moist heat were tested by a sensory- 
difference panel for tenderness, flavor of lean, flavor of 
fat, and juiciness. Objective estimates of tenderness were 
made with a Warner-Bratzler mechanical shear. Cooking 
losses were determined. The grain-finished beef was scored 
significantly higher than the grass-finished beef for ten- 
derness, flavor of lean, flavor of fat, and juiciness. Tender- 
ness differences due to feeding regimes were not significant 
when measured by shear machine, There were no signifi- 
cant differences in cooking losses attributable to feed. 
Both types of beef exhibited highly significant increases 
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in tenderness due to ripening, but relatively more im- 
provement was shown by the grass-finished beef. The 
flavor of lean of the grain-finished beef tended to improve 
up to 21 days of ripening, but the flavor of lean of the 
grass-finished beef showed little or no improvement dur- 
ing ripening. After 21 days, the scores for flavor of lean 
decreased significantly. Flavor of fat of both types of 
heeft was significantly impaired with 21 and 42 days of 
ripening. Some evidence was obtained that free fatty acid 
developed between 21 and 42 days of ripening. Juiciness 
was not significantly affected by ripening. There were 
highly significant inereases in drip losses and total cook 
ing losses due to ripening, but evaporation losses were 
unaffected, (See page 4.) 


Product improvement Precooked freeze- 


dried ham 


Improving the stability and acceptability of precooked 
freeze-dried ham. A. F. Anglemier, David C. Crawford, 
and H. W. Schultz. 


It was hypothesized that the curing ingredients of com- 
mercially cured hams were responsible for certain ad- 
verse changes that oceur in freeze-drying this product. 
Experiments were designed in which curing methods, 
alteration and substitution of curing ingredients, time and 
temperature of curing, and precooking conditions were 
modified in an attempt to increase the storage stability. 
Results of these investigations and those obtained by the 
use of various stabilizers and of a long term storage study 
are reported. They show that packaging the freeze-dried 
product in vacuumized cans is superior to packaging in 
cans filled with nitrogen or carbon dioxide. Flavor pane! 
results indicate that vacuum packed samples retained their 
acceptability for 54 months when stored at 70° or 100° F. 
Use of stabilizers (that is, those tested) appears to have 
little effect on prolonging the storage stability of freeze- 
dried ham. Rehydration results of different freeze-dried 
ham museles indicate that the muscles do not possess an 
equal water absorption capacity. The knuckle or tip 
muscles show the highest level of rehydration. Rehydrata- 
bility is also affeeted by the muscle fiber orientation. 
Freeze-dried samples having the muscle fibers in a per- 
pendicular position to the largest surface area absorbed 
more water and were rated juicier than samples having 
parallel fibers. Experiments were conducted in which (a) 
curing methods, (b) alteration and substitution of curing 
ingredients, (¢) time and temperature of curing and (d) 
precooking conditions were modified in’ an attempt to 
produce a ham possessing superior qualities to obtain 
freeze-dried samples having excellent storage stability 
properties. Results of these investigations failed to show 
increased stability beyond that which may be obtained 


JANUARY COVER. The cover for January emphasizes 
the Scholarship and Fellowship Award program adminis 
tered by the Institute of Food Technologists. The details 
regarding the awards and how you ean help the program 
achieve its goals are to be found on page 4. 
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One hundred and fifty years ago, Peter Du- 
rand, an English merchant, was granted a 
patent for vessels of “‘pottery, tin or other 
metals of fit materials.’’ Thus, the miracle of 
the can was born. This early “tin cannister” 
packaged foods in sealed containers. . . and 


changed the habits of the world. 


Today, not only food but an almost infinite 
variety of things we use and enjoy comes in 
metal containers. Beverages, paint, petrole- 


um, chemicals . . . these are just a few of the 


products brought to us conveniently, eco- 


nomically ... by the “miracle of the can.” 
Can manufacturers everywhere, in the U.S. 
and abroad, are enthusiastically preparing 
to participate in the Sesquicentennial of the 


Invention of the Metal Can. You may want 


your company to take advantage of this great 


opportunity to tie in with this important ob- 
servance. The Sesquicentennial may be used 
as a springboard for stories, advertisements 
and promotions that can serve each organi- 


zation’s special needs. 


American Can Company is proud to be a 
part of this great industry as it observes its 
150th anniversary. Canco’s continuing pro- 
gram of research and development is pledged 
to provide still better packaging for the 


products of agriculture and industry. 


American Can Company 
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Easy. Nothing very complicated about this A busi- 
ness, says our Bob Lehman. He's explaining to a fellow oil 
chemist, who also happens to be a customer, how the biologi- 
cal potency of a fortified margarine can be estimated from the 
spectrophotometric and antimony trichloride blue-color assays 
when the vitamin A consists of a mixture of four different 
isomers. How simple the calculation is when the vitamin A is 
in the form of the highest potency all-trans-isomer that DPi 
uses for its margarine customers. Bob should know. He helped 
discover the foundations of these analyses. 

The customer is thinking it’s good he doesn't have to get 
into this stuff too much. Why should he, when adding Myvax” 
Vitamin A Acetate or Palmitate to a food product is about as 
simple as adding salt?* Any time he needs help on stability 
tests, Cooperation in assays, or a quick unscheduled shipment 
of vitamin A, all he has to do is call Distillation Products 
Industries, Rochester 3, N. Y. Sales offices: New York and 
Chicago ¢ W. M. Gillies, Inc., West Coast ¢ Charles Albert 
Smith Limited, Montreal and Toronto. 


*Even simpler, for a pre like margarine. Myvapack® Vitamin A 
comes in a pre-weighed can that fortifies one batch, includes vitamin 
D or approved coloring agents if desired. 


v7; leaders in research and 
production of vitamin A 


Distillation Products Industries 
iso division of Eastman Kodak Company 


FOOD TECHNOLOGY, JANUARY, 1960 


with commercially cured hams used in these studies. 
Deterioration of freeze-dried ham during storage reflects 
directly upon the acceptability of the produet. Color and 
flavor are the quality factors most adversely affeeted by 
storage at elevated temperatures. Stability of the stored 
samples is also affeeted by the moisture level. A combi- 
nation of high moisture content and high storage tem- 
perature produced the most detrimental changes. (See 
page 8.) 


Gas chromatography Gases in headspace 

of cans 
A gas chromatographic method for determining gases in 
the headspace of cans and flexible packages. William H. 
Stahl, William A. Voelker, and James H. Sullivan. 


Utilizing inert gases for the prevention of quality deteriora- 
tion in packaged foods has been practiced successfully for 
many years. Although it is generally agreed that the de- 
termination of the concentration of these gases is of ex- 
treme importance, no practical methods are available which 
encompass the wide range of packages encoun'sred. As is 
commonly known, the orsat method, generally used through- 
out the food industry, requires a large volume of sample, is 
time-consuming, and, when reduced to a micro scale, be- 
comes extremely complicated, Commercial oxygen analyzers 
require smaller sample volumes, but are limited to the 
analysis of oxygen. Gas chromatographic methods, however, 
require less than 1 ml. of gas for satisfactory analysis, are 
extremely rapid, and quite versatile. The procedure used 
successfully for several months by the authors of this article 
employs a simple sampling method which can be adapted 
to any container, followed by gas chromatographic analysis. 
The method allows analysis on not more than 0.5 ml. of gas, 
requires 7 minutes per determination, can be run by a 
technician, and is sufficiently accurate for the purpose 
intended. (See page 14.) 


Quality evaluation Tomato juice color 
Derivation of a new formula for computing raw tomato 
juice color from objective color measurement. John N. 
Yeatman, Arthur P. Sidwell, and Karl H. Norris. 


Since color is probably the most useful single criterion for 
evaluating the quality of tomato fruit for processing, an 
accurate determination of the color of the fruit or a puree 
made therefrom is of prime benefit in assigning a quality 
grade. Any tomato-color index that may be adopted for 
general use should be sufficiently versatile to indicate 
differences between samples of purees derived from fruits 
ripened under a wide variety of conditions which cause 
substantial differences in color specification. The deriva- 
tion of a new formula for computing raw tomato juice 
color, its development and substantiating theory, is the 
subject of this paper. Carefully prepared Munsell disks 
having regularly spaced color attributes of hue, lightness 
and saturation in the region of raw tomato juice colors 
were used by trained observers as guides in visual scoring 
of the samples. Visual color scores and instrument evalu- 
ations were determined for juice samples covering a wide 
gamut of color in Hunter-Munsell color space. Only when 
the 3-dimensional positions of the color readings of the 
juice samples in this system were visualized in relation- 
ship to the color scores, did it beeome possible to derive 
the formula which would best relate instrument evalua- 
tions with visual color scores. The empirical formula 
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Myverol” 
Distilled Monoglycerides 


For the makes possible precise engineering control over the physical structure 
of foods which contain fats. 


i Type 18-00 Type 18-07 Type 18-40 Type 18-85 
Seuree Fully hydrogenated Fully hydrogenated Prime steam lard Refined cottonseed 
lard cottonseed oil oil 
Monoester content (min.) 90.0% 90.0% 90.0% 90.0% . 
‘ Saponification value 155-165 155-165 160-165 150-160 
: lodine value 1 1.0 (max.) 45 (approx.) 80-90 
Glycerol content (max.) 1.0% 1.0% 1.0% 1.0% 
F.F.A. (max.): 
as stearic 1.5% 1.0% 
as oleic 1.5% 1.5% 
Specific gravity 0.96 at 75°C 0.94 at 75°C 0.96 at 60°C 0.96 at 60°C 
Congeal point (approx.) 68°C 67°C 54°C 46°C 
Clear point (approx.) 73°C 76°C 60°C 56°C 
Plastic Plastic 
Ferm Bead Seed homogenized fat homogenized fat 
Net shipping weight, Ib. 250 250 400 400 : ; 
Here are four fats for foods, typical of the broad variety of distilled 
monoglycerides you can get from DPi. Their high monoester content, 
| the result of a unique segregation of fat molecules in the vapor phase, 
. ° High mono content makes these emulsifiers more efficient, hence less 
| expensive, than mixtures of mono- and diglycerides. Emulsions are 
easier to form and less emulsifier need be used. 
food texture Myverol Distilled Monoglycerides are bland, stable, and free from cata- 


lysts and soaps. There is nothing in them that might affect taste, color, 
or odor. To learn which of them might improve your control of food 
texture, write Distillation Products Industries, Rochester 3, N. Y. Sales 
offices: New York and Chicago « W. M. Gillies, Inc., West Coast e 
Charles Albert Smith Limited, Montreal and Toronto. 


distillers of monoglycerides D 52) Also... vitamin A in bulk 
made from natural fats and oils } hy for foods and pharmaceuticals 


Distillation Products Industries is division of Eastman Kodak Company 
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tive color measurement of a wide gamut of samples in the 
region of tomato color in Hunter-Munsell color space, was 
found to weight appropriately the Hunter color values to 
correlate best with visual scores assigned by trained 
observers. A rugged tristimulus photoelectric instrument 
has been constructed to measure the designated T.C, index. 


, named the T.C. index, computed from objec- 


(See page 16.) 


Spotlage bacteria on 


Microbiolog 7] 
chilled poultry 


Microorganisms associated with spoilage of refrigerated 
poultry. Charles W. Nagel, Kenneth L. Simpson, Henry 
Ng, Reese H. Vaughn, and George F. Stewart. 


The investigation reported here was undertaken to deter- 
mine the types of bacteria associated with the spoilage of 
chilled poultry under present conditions of processing and 
marketing, as well as the possible influence of geographical 
location of processing facilities, location of cutting-up 
operations, and the use of antibiotics. One hundred and 
_three cultures were isolated from chilled, eut-up fryers 
which had been allowed to spoil at 4.4° C. (40° F.). Eighty- 
eight of the cultures were allocated to the genus Pseu- 
Two additional cultures were classified as members 
of the genus Aeromonas. The remaining thirteen cultures 
were assigned to the Achromohacter-Alcaligenes group with- 
out any attempt being made to place them specifieally in 


domonas. 


if all types specially processed 
for the food industry 


AGAR .. . for emulsions in cake 
mixes and ices; certain cheeses; cus- 
tards; packing meats and fish and 
fowl, stabilizing sherbets; confec- 
tionery. 
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crease swelling properties; in ice 
cream and bakery stabilizers. 
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dies, syrups, jellies, salad dressings, 
sauces, flavor emulsions, egg substi- 
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either genus. The use of oxytetracyeline as an aid in more 
precise classification of the Pseudomonas species from 
spoiled poultry was found to be of little value. Penicillin 
sensitivity also was not completely reliable for differenti- 
ation between the Achromobacter-Alcaligenes group and 
members of the genus Pseudomonas. The geographical loca- 
tion of processing facilities, location of eutting-up opera- 
tions, and the use of antibioties had no influence on the 
distribution of genera of spoilage oraginsms investigated 
in this study. (See page 21.) 


Radiation preservation Milk 


Radiation preservation of milk. X. Studies on the radi- 
ation induced gelation of concentrated milk. Methods, and 
effect of some additives. J. Kk. Hoff, J. Sunyach, B. FE. 
Proctor, and S. A. Goldblith. 


Storage studies have shown that concentrated, irradiated 
milk stored at room temperature or higher has a marked 
tendency to gel. In milk of normal concentration, or in 
concentrated milk stored under refrigeration, gelation is 
not so apparent. Preliminary studies indicated that the 
addition of different inorganic salts to milk had a noticeable 
effect on the “gelling time” of milk in storage. It was, 
therefore, believed that a systematic study of such addi 
tives might yield information leading to a reduction or 
elimination of the problem of gelation. Whether the gela- 
tion of irradiated milk bears any relation to the gelation 
phenomena observed in heat-processed milk was also of 
interest. This paper describes the methods used in the 
study of radiation-induced gelation and the effect of some 
additives. A method was devised whereby irradiation ir 
duced gelation of concentrated milk could be studied. The 
addition of 20 milliequivalents of Mn’ per liter of concen- 
trated milk (3:1) totally prevented gelation within the ex- 
perimental period (60 days). The formation of a gel dur- 
ing storage at 37° C. was considerably delayed by the 
addition of the divalent cations, Mg’’ and Mn’, whereas 
Ca” had no effect. Phosphate and citrate were found to 
enhance gelation. When the gelation of the irradiated milk 
was induced by heating at 90° C., Ca” addition effected an 
increase in gel strength, whereas citrate and phosphate 
reduced the gel strength. No significant change in gelling 
time was observed under these conditions. On the basis of 
the experimental observations it is suggested that irradi- 
ation causes the rupture of pyrophosphate linkages essen- 
tial to the stability of the casein micelles. (See page 24.) 


Radiation preservation Milk 


Radiation preservation of milk. XI. Studies on the radi- 
ation-induced gelation of concentrated milk. The effect of 
polyphosphates. J. K. Hoff, J. Sunyach, B. KE. Proctor, and 
S. A. Goldblith. 


Addition of polyphosphates to concentrated (3:1) milk 
hefore irradiation markedly reduces the tendency of irradi- 
ated milk to develop a gel when stored at 37° C. ATP, tri- 
polyphosphate and “hexametaphosphate” prevented gel 
formation for an undetermined length of time in excess of 
two months at 37° C. when added in amounts above a cer- 
tain threshold value specifie for each compound. Pyro- 
phosphate did not exhibit this phenomenon. The analysis 
of ultrafiltrates of irradiated milk demonstrated that the 
irradiation caused a release of Ca’, Mg** and phosphate 
ions from complexing with the casein. Addition of  tri- 
polyphosphate to irradiated milk caused an increased com- 
plexing of these ions with casein. Nearly all the added 
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tripolyphosphate was found to complex with the protein. 
Irradiation of milk with added tripolyphosphate did not 
affect the metal-protein complex, but did result in a release 
of inorganie orthophosphate and other phosphates from 
the casein complex. The experimental results are discussed 
and an interpretation of the effects of irradiation and of the 
addition of metal ions and polyphosphate is attempted. 
(See page 27.) 


Changes in volatile 
components 


Wine technology 


Changes in volatile constituents during the baking of 
sherry wine by the Tressler process. Leonard R. Mattick, 
and Willard B. Robinson. 


Most of the sherry wine produced in New York State is 
made by the Tressler Baking Process. Introduced in 1938, 
the method has since been adopted as standard procedure 
by the wine industry in this State. The process is well 
adapted to use with Concord and other Labrusca-type 
grapes, since the strong “foxy” odor and bright red color, 
objectionable qualities in a sherry wine, are eliminated in a 
relatively short time. Thus, an excellent quality sherry can 
be produced more quickly at less expense. In this study, 
wines prepared from Concord and Niagara grapes were 
processed into sherry wine by the Tressler baking process. 
Changes oceurring in the volatile carbonyl, ester and acid 
content were followed through the baking process. The 
major volatile carbonyl compound was isolated and identi- 
fied as acetaldehyde. Slight traces of acetone and hexalde- 
hyde were also present. The major volatile acids were 
tentatively identified as formie and acetic acids. Propionic 
and lactic acids were found in trace amounts. During the 
baking process, the volatile carbonyl and acid content in- 
creased at a rapid rate in the Concord wine. A similar 
increase was noted in the Niagara wine except the rate of 
production was approximately one-half that of the Con- 
cord, The non-enzymatie browning reaction is advanced as 
a possible mechanism for the formation of these compounds. 
Comparison bakings of Concord wine neutralized to 0.45% 
acid and of Coneord and Niagara wines not neutralized 
before baking were performed to determine the effect of 
the presence of alkaline salts in wine during baking on the 
volatile acid and carbonyl production. The volatile carbonyl 
content of the Niagara and the non-neutralized Coneord 
wines increased at approximately the same rate, while the 
rate of increase of the volatile acid content of the Concord 
wines both neutralized and non-neutralized were similar. 
These data further confirm the role of the browning re- 
action in the processing of sherry wine by the baking 
process. Of the volatiles measured, the esters increased the 
least in any group. The ester increase in the Niagara wine 
was greater than in the Concord. The ester content of the 
Concord -yine appeared to remain unchanged after eight 
months’ storage; however, those of the Niagara gave a 
significant decrease after eight months’ storage. No ex- 
planation of this decrease can be advanced at the present 
time. No appreciable change after eight months’ storage 
was noted in the volatile carbonyl or acid content in either 
the Concord or Niagara wines. (See page 30.) 


Food and drug control Sanitation analysis 


Diagnostic sanitation analyses in food and drug control. 
Kenton L. Harris, and O’Dean L. Kurtz. 

Principal emphasis in this paper is on the identification of 
insect fragments in foods and food particles. It is pro- 


posed that the analyst learn to identify insect fragments, 
not by attempting to recognize the infinite variety of 
sizes, shapes and forms in which they appear but through 
a study of the insects from which they were derived. A 
knowledge of the insect is a simple, organized, and sure 
key to the recognition of insect fragments. Analysis of 
insect fragments is facilitated, for example, by reeog- 
nizing the leg as an insect appendage and the coxa, as a 
basie leg component. Fragmentation beyond this basic 
unit naturally results in variously shaped pieces of cuticle 
which bear little over-all resemblance to the intact strue- 
ture, but which still retain the micro-morphological charac- 
There are many 
morphological details which are considerably more complex, 
but the concept embracing this approach to insect fragment 
work is relatively simple. It is based on a tangible sys- 
tematieally organized foundation, the insect, with each frag- 
ment situation depending only on the insect or insects 
which concern the particular food field. When the analyst 
knows the insect he can diagnose the etiology of the con- 
tamination and so interpret its significance. (See page 
33.) 


teristics which exist on the structure itself. 


Method for protecting 
tin-plate surfaces 


Protective films 


The stabilizing of tin-plate surfaces. R. A. Neish, and J. G. 
Donelson. 


The oxide film normally present on tin, although protective 
grows to such an extent that dis- 
This oxida- 


to some degree, readily 
coloration of the surface is easily discernible. 
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tion and the accompanying discoloration, commonly called 
“vellow-stain,” can oceur during storage in warehouses under 
humid conditions or during the baking operation that fol- 
lows laequering or enameling. However, it is not only the 
change in the appearance of the tin plate that is objec- 
tionable; the oxide film formed during warehouse storage 
can prevent the proper adherence of some lacquers and 
lithographing inks to the tin surface, and can cause diffi- 
culty during modern, high-speed soldering operations in the 
manufacture of cans. Treatments to minimize baking dis- 
coloration and warehouse deterioration of tin-plate surfaces 
were investigated, Several reagents were found to be effee- 
tive for this purpose. Of these, sodium dichromate was the 
most practical for commercial use. However, the protection 
obtained is limited if the normal air-formed oxide lies 
beneath the protective film. Therefore, it is desirable to 
remove the existing oxide and then replace it with the pro- 
tective film. This is best accomplished by cathodic reduction 
in the passivating solution followed by chemical or eleetro- 
chemical oxidation in the presence of the passivating agent. 
Protective films formed on tin plate by either of these 
methods, though invisible and very small in thickness, pro- 
vide an effective barrier between metal and oxygen. Films 
formed by the electrochemical reduction and reoxidation 
method, however, are more stable, more resistant to sulfide 
staining, and more resistant to attack by dilute reagents. 
On the other hand, films formed by this method are not 
entirely satisfactory with a few lacquers used by the can 
industry. Although researeh is continuing in an attempt to 
produce protective films that are satisfactory with all tin- 
plate lacquers, it is hoped that new lacquers may be de- 
veloped that will permit utilization of the protective films 
most resistant to oxidation, (See page 37.) 


JANUARY, 1960 


Tenderness Turkey meat 
Relationships between pH, tenderness, and moisture levels 
during early post-mortem aging of turkey meat. J. W. 
Dodge, and W. J. Stadelman. 


A series of experiments was designed to investigate the 
tenderness problem further and attempt to discover why 
cooler temperatures and aging in water produce more rapid 
tenderization. Attempts were made to find out what rela- 
tionships existed between pH, total and free moisture levels 
in the meat and tenderness. Turkeys were used in these 
experiments because of the larger number of samples 
obtainable from one careass. Water uptake and rates of 
cooling were not shown to affect tenderness, whereas de- 
hydration on hot carcasses was found to produce a toughen- 
ing effect which could not be aged out of the meat. Tenderi- 
zation during carly post-mortem periods was found to be 
closely associated with pH. Total moisture content of the 
moisture in the meat was found to be associated with pH 
tissue did not appear to be associated with water uptake, 
nor was it shown to be related to tenderness. Per cent free 
in one instance, but for the post-mortem period studied it 
did not appear to be related to tenderness. (See page 43.) 


Relation of anthocyanase 
to scald 


Anthocyanase activity and its possible relation to scald in 
sour cherries. A. (. Wagenknecht, D. M. Scheiner, and 
J. P. Van Buren. 


Seald of sour cherries has been shown to be caused by a 
combination of bruising and time-temperature effects re- 


Enzymology 


FOR TECHNICAL HELP... 


In addition to supplying you with high quality choco- 
late flavorings and coatings, your Man From Blumen- 
thal will gladly: 

1. Discuss prices and prevailing market conditions. 

2. Arrange for his laboratory to perform special serv- 
ices that can only be handled by a lab staffed with 
chocolate technicians and equipped with the latest 
analytical and pilot plant equipment to produce 
special types of chocolate. 

3. Refer your problems to one of our consultants spe- 
cializing in technical problems. 

4. Conduct research on new ideas suggested by you. 


BLUMENTHAL BROS. CHOCOLATE CO. 
MARGARET AND JAMES STS., PHILADELPHIA 37, PA. 
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Does your processing require any of these? 


GELATIN MAY BE THE ANSWER 


Gelatin, a wholesome food, has many properties 
which, when properly applied, help to enhance 
the appeal and sales potential of other foods. If 
you have need of a high quality, pure food protein 
colloid, consider gelatin and... 


CONSIDER SWIFT AS A SOURCE 
OF HIGH QUALITY SPECIALTY GELATINS 


Swift has been a pioneer in the production of Swift’s own extensive laboratory facilities to 
specialty gelatins. Furthermore, Swift is in it- provide the ‘‘know-how’”’ necessary for the ef- 
self a major user of gelatins. This unique combi- fective development and application of gelatin 


nation of producer and user is supported by to specific uses. 


We welcome your inquiry—write today. Remember .. . 


ONE TRIAL IS BETTER THAN A THOUSAND CLAIMS 


SWIFT & COMPANY, Gelatin Department 


1215 Harrison Ave., Kearny, New Jersey 
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lated to picking, transportation, and other pre-processing 
conditions. This phenomenon is characterized by a migra- 
tion of the red anthocyanin pigment from the skin into the 
flesh of the fruit, followed in turn by the loss of the pig 
ment and the appearance of a brown discoloration. This 
report is concerned with an enzyme system in sour cherries 
capable of causing the destruction of anthocyanins and a 
consideration of some of its properties. The anthocyanase 
activity of several varieties of sweet cherries and of several! 
types of berries was determined at various stages of ma- 
turity. Anthocyanase is believed to participate in the early 
stages of seald in red sour cherries through destruction of 
anthoeyanin pigments. Sour cherry anthocyanase was pre- 
pared from homogenates of fresh fruit and partially puri- 
fied from press juice by ammonium sulfate precipitation. 
The enzyme has limited solubility in water and exhibits 
maximum activity at pH 5.7 to 6.0. The enzymatic activity 
of a homogenate of fresh cherries was nearly doubled by 
the addition of catechol. Purified enzyme preparations were 
nearly inactive unless catechol was added. The optimum 
concentration of catechol was 0.01M. The anthoeyanase of 
sour cherries requires the participation of oxygen for ac 
tivity and was inhibited by thiourea. Sour cherry antho- 
cyanase is quite similar in its properties to Coleus: eyanin 
oxidase, and is dissimilar to fungal anthocyanase. The 
presence of anthoeyanase has also been demonstrated in 
sweet cherries, black raspberries, blackberries and blue- 
berries. The amount of enzyme activity in these fruits at 
several stages of maturity has been studied. (See page 17.) 


Starch technology Use of pregelatinized 


starches 
Pregelatinized starches for the food processor. Leonard 
M. Waldt. 


A pregelatinized starch is produced by cooking and drying 
the starch dispersion on heated rolls or drums. This process 
starch slurry (after completion of 


involves feeding a 


processing, refining, and blending with other starches, 
sugars, ete.) on the outer surface of a steam-heated re- 
volving drum. The rate of rotation of the drum is set so 
that the material is dried and scraped off by a doctor blade 
when the drum reaches a certain position. The operation 
can be performed on single or double drums, with the lat- 
ter providing greater capacity. This pre-cooking process 
swells the starch granules and thus conditions them to 
thicken and gelatinize in cold liquids, without need for 
subsequent heating. Thus, the starch manufacturer is doing 
the actual starch cooking operation in his own plant. By 
this method, gelatinization time, gel texture, stability and 
composition can be engineered into the starch according to 
the requirements of the food manufacturer’s equipment and 
the food product involved. Product uniformity from item 
to item and batch to batch is assured and the user is re- 
lieved of the costly cook-up and gelatinization control 
operations necessary with ordinary starches. Unfortunately, 
there is a dearth of literature (except for patent claims) on 
pregelatinized starch use and application. This paper out- 
lines some of the advances made in the starch technology 
field in recent years and provides suggestions on how a food 
processor can take advantage of the properties of pre- 
cooked starches through proper examination, control, and 
intelligent application. (See page 50.) 
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Tempting, eye-appeal attains its most potent sales effectiveness with 
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Warner-Jenkinson produce—and precisely re-produce —the exact colors 
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Waikiki beach, orchid leis, haunting music from a guitar—that’s Hawaii 
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exotic islands in their unspoiled 
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experience in beautiful Hawaii. 
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The Aerograph gives you complete 
separations of methy] esters in minutes. 
Note the excellent separation of the 
C-18s with methyl arachidonate re- 
solved in 30 minutes. We can show you 
how to get comparable results with 
other esters. 
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. Identification of Canned Bartlett pears serving. Such texture changes have been commonly 
pink pigment grouped under the term “retrogradation.” The over-all 
, — objective of this investigation was to determine the effects 
Pink discoloration in canned Bartlett pears. B. S. Luh, of rate of freezing, storage tempertaure, shearing of 
S. J. Leonard, and D. S. Patel. granule systems, and heat treatment prior to freezing on 
5 In this article the effects of growing area, soil types, and the freeze-thaw stability of the simple combination of 
processing conditions on pink color development in canned thickening agent and water. Three starch products — 
determining the pink-color preeursor is presented. The standard or natural aren, (3) 
pink pigment in the canned product was investigated by rere starch, and (8) 
chromatographie methods. Growing area and soil types variahies 
| were found to be related to this problem. Pears from eer- os the freeze-thaw stability of starch slurries were in 
tain growing areas had low pH, high acidity, and high vestigated. Other variables were processing « the slurry, 
tannin content. These pears were found to develop pink temperature, theswing 
color after canning, especially when excessive heating and thaw The susceptibility the starch 
delayed cooling processes were used. The pink pigment in ayme section generally decreased with an apiece hes 
canned pears was shown to be identical in Rr value to that omen retrogradation as indicated by sponge formation, 
of eyanidin, (See page 58.) syneresis, and lumpiness. Retrogradation was essentially 
: = : eliminated from frozen Reg. PFP starch slurries which 
had not been heated to the critical gelatinization tem- 
Freezing technology Corn starch and perature. It was shown that the enzyme susceptibility of 
starch derivatives slurries of HR W-13 starch and starch phosphate did not 
significantly change as a result of freezing and thawing. 
Characteristics of corn starch and starch derivatives as Similarly, preheating of such slurries to temperatures as 
affected by freezing, storage and thawing. I. Simple sys- high as 185° F. had no noticeable effect on freeze-thaw 
tems. James J. Albrecht, A. I. Nelson, and M. P. Stein- stability. Retrogradation was found to take place at the 
berg. most rapid rate during the 24-hour period after the starch 
/ When thawed atter some time in frozen storage, most food slurries had been placed in frozen storage, and continued 
8 products thickened with starch exhibit a curdled appear- to take place at a much slower rate during subsequent 
ance and liquid separation. The original smoothness is storage. Freezing starch slurries instantaneously by direct 
not completely regained even in foods reheated before immersion in liquid nitrogen made it possible to eliminate 
Tech Notes on Gas Chromatography by SDOCRAPLI 
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Real Fruit 


Flavors... 


WITH THE FUGITIVE 
AROMAS CAPTURED! 


You can improve your 
preduct amazingly —by 
use of FLAVOREX real 
fruit flavors. Our ‘‘Low 
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out and captures the 
very last drop of good- 
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ed strength. Write for 
samplesand prices today. 
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sponge formation from samples of pregelatinized regular 
corn starch and the curdled appearance from waxy maize 
slurries. After storage at 0° F. for one week, samples 
frozen by this method gave no indication of retrogradation. 
(See page 57.) 


Freezing technology White sauces 


Characteristics of corn starch and starch derivatives as 
affected by freezing, storage and thawing. II. White 
sauces. James J. Albrecht, A. I. Nelson, and M. P. Stein- 
berg. 


Objective of this research was to produce a typical white 
sauce system stable to freezing, frozen storage, and subse- 
quent thawing at room temperature. Of special signifi- 
cance was the use of high-pressure homogenization tech- 
niques and instantaneous freezing of white sauce systems 
using liquid nitrogen. Other treatments involved gelatini- 
zation and storage temperature effects. Replicated sam- 
ples were organoleptically evaluated. To determine the 
applicability of the findings on freeze-thaw stability ot 
starch-water slurries, these investigators employed stand- 
ard white sauces prepared with regular corn starch, pre- 
gelatinized, cross-linked waxy maize starch and starch 
phosphate. For the control white sauce they used all 
purpose flour as the thickening agent. Treatments included 
severe homogenization and freezing in liquid nitrogen. 
Using a six-member taste panel, samples were evaluated 
for smoothness, liquid separation, mouth feel, flavor, and 
general acceptability. Taste panel and enzyme suscepti- 
bility data were analyzed using a single degree of freedom 
statistical analysis of variance, Storage was found signifi- 
cant at the 1% level in all cases with respect to some 
storage versus no storage. Freezing in liquid nitrogen 
was not statistically significant. Thus, there was no bene- 
fit to be derived by extremely rapid freezing of white 
sauces—in direct contrast to results obtained with starch 
water systems. On the other hand, severe homogenization 
of white sauces prior to freezing significantly increased 
the freeze-thaw stability of these sauces; this result was 
again in direct contrast to results obtained with starch- 
water systems. However, these samples were not subjected 
to long storage periods, which might counteract the favor- 
able effects of severe homogenization. The enzyme sus- 
ceptibility test was found to be unsatisfaétory as an index 
of freeze-thaw stability of standard white sauce in con- 
trast to the simple starch-water system., Some tech- 
niques which greatly improved the stability of simple 
starch-water systems had little such beneficial effect on 
white sauces. Other processing treatments gave the op- 
posite results. It was coneluded (1) that a complex rela- 
tion exists between the thickener and other ingredients in 
a white sauce and (2) the thickening agent itself cannot 
be solely responsible for the curdled appearance of frozen 
white sauces. Based on results of investigations concern- 
ing both white sauces and starch-water systems, thicken- 
ing agents were rated in decreasing order of freeze-thaw 
stability, as follows: (1) starch phosphate, (2) ungela- 
tinized regular corn starch (this technique is limited to 
products in which solids need not be suspended during 
freezing and storage and to products which are heated to 
near the boiling point before consumption), (3) pre- 
gelatinized, cross-linked waxy maize starch, (4) all- 
purpose flour, and (5) regular corn starch (which is gela- 
tinized prior to freezing as part of the sauce formulation 
process). (See page 64.) 
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Lye-Pressure Steam Peeling of Potatoes 


and Other Products’ 


(Manuscript received May 21, 1959) 


To FOOD INDUSTRY is constantly 
striving to improve the efficiency of its operations and 
the quality of its products. With regard to potatoes, 
one operation that has been investigated with a view 
to improvement is the preparation of the raw product ; 
specifically, peeling. Many types of peeling have been 
used. Lye has long been used, as a patent issued to 
Dunkley (2) in 1914 for such a procedure, indicates. 
In 1943, Mazzola (8) proposed a method of peeling 
wherein a very high concentration of lye and high 
temperature for short durations of time are used. 

Wright (9) who ran tests on peeling potatoes by the 
abrasive method, showed peel losses from 14 to 31%, 
depending on the variety and size of the potato. Har- 
rington, Mayer, Olson, Mullins and Potter (4), study- 
ing lye peeling, found that the optimum lye concen- 
tration for peeling French fries was 15 to 20%. The 
U.S. Department of Agriculture has issued a report 
covering the cost of peeling potatoes by lye and abra- 
sive methods (3). In 1953, 39% of the potatoes 
processed were peeled by lye, whereas, in 1955, nearly 
54% were so peeled. The U.S.D.A. survey showed 
that peel loss from abrasive peeling was 24.9%, from 
lve 22.4% , and from steam 18.6%. It was found to be 
cheaper to peel with lye, if the production rate was 
over 425 bags per week, and the cost of the raw ma- 
terial was $1.50 per 100 Ibs. 

Whether a mechanical lye peeler or a steam peeler is 
used—each has its limitations. However, a compara- 
tively new method, pre-coating products with hot 
caustic solution, and then subjecting them to atmos- 
pheric steam under pressure, has been shown to offer 
greater flexibility than other techniques, and better 
process control. Hickey and Kilburn developed this 
procedure in 1948. They were issued patents (U. 8. 
2,781,070 and U.S. 2,847,334) in 1957 and 1958 (6, 7). 
This paper will present the advantages of such a sys- 
tem—comparing its labor saving, yield, and flexibility 
of application against the same factors when steam or 
lye alone is used. Since processors are becoming more 
and more cognizant of the costs of operation and yield, 
the concepts introduced here should be of much 
interest. Also studied were the holding times in lye 
and steam in order to determine peel loss and peeling 
efficiency. 
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EXPERIMENTAL PROCEDURE 


Idaho Russets (field run No. 1) were used for the peeling 
tests, which were conducted at the Rogers Brothers’ plant in 
Idaho. The potatoes were counted and weighed prior to the 
peeling tests, and then were subjected to lye immersion and the 
commercial lye applicator; next they were transferred to a 
continuous pressure steamer and washed in a rotary reel washer, 
after which they were placed on an inspection belt. The pota- 
toes were then counted and re-weighed to determine the per cent 
peel loss. Fifty potatoes (medium size) were used for each 
test unless the potatoes were quite small, in which case 100 were 
used for the run. The results of the peeling efficiency tests 
were determined by visual observation. The designations were 
poor, fair, good, and excellent. The per cent peel loss reported 
does not include trim loss. Trim loss varies, depending on the 
defeets noted in the potato. The flow sheet presented in Figure 
1 delineates the operation of peeling. 


RAW 


LYE 
INSPECTION APPLICATOR 


TRIM BELT 


Figure 1. Lye-steam potato peeling. 


Surface area data were collected by dissecting the potatoes 
in quadrants and tracing the outline on graph paper. These 
tracings were cut out and weighed on an analytical balance. 
Then, knowing the weight of 1 square inch of paper, the sur- 
face area in square inches of the potato was computed. 


RESULTS AND DISCUSSION 


In determining peel loss, the size of the potato must 
be considered. A large potato will have less loss by 
weight than a small one, due to increased surface area. 
The data presented in Figure 2 relates the weights of 
potatoes to the corresponding surface areas. Each 
potato will vary in weight and surface area, but in 
general as the weight increases, so does the surface 
area. Based on this information, different sized pota- 
toes were weighed and peeled; their surface areas 
were taken from Figure 2. 


dy 
on 
4 
~ 
‘ 
| Ly 
" 
CROSS BELT CONVEYOR it 
(0) (0) 
TEAM 
wey 
| 
WATER | 
Sp 
: WASHER 
ROLLERS 
j 
jt 
| 
oy 
] 
~ 


FOOD TECHNOLOGY, JANUARY, 1960 


Correlation of peel loss and surface area was made. 
The results are to be found in Figure 3. Obviously, 
the curve is asymptotic at both ends, since an increase 
in surface area would not result in 0% peel loss. 

A study was made of peeling loss, using 5 and 10% 
lve plus steam as well as a test using 5% lye with a 
wetting agent added. Various immersion times in lye 
and exposure times in steam were used to study the 
peeling loss and the peeling efficiency. Since defects 
and rot were not removed from the potatoes in any 
run, trim loss is not included. 


SQUARE INCHES 
8 8 


SURFACE AREA, 


100 200 300 400 500 600 700 


GRAMS PER POTATO 
Figure 2. Relation of surface area to weight. 
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SURFACE AREA, SQUARE INCHES 
Figure 3. Effect of surface area on peel loss. 
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Figure 4. The effect of immersion time on peel loss in 5% lye 
@ 175° F. followed by two holding times in steam. 


Increasing immersion time in lye and exposure in 
steam increased the peel loss using 5‘7 lye (Figure 4). 
Optimum peeling conditions appear to be 544 minutes 
in lve and 45 seconds at 75 p.s.i.g. steam with a peel 
loss of 14.6%. Decreasing the lye time and increasing 
the exposure to steam resulted in a peel loss of 16.8%. 

It is interesting that the use of a wetting agent 
minimized the peel loss at various immersion times in 
lve. Comparing Figure 5 to Figure 4, there is less 
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Figure 5. The effect of immersion time on peel loss in 5‘ lye 
@ 190° F. plus 0.1‘; wetting agent followed by two holding 
times in steam. 
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Figure 6. The effect of immersion time on peel loss in 10°; 
lye @ 180° F. followed by two holding times in steam. 
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Figure 7. The influence of steam pressure on peel loss. The 
potatoes were immersed 5 minutes in 5‘% lye @ 180° F. followed 
by three different steam holding times. 
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peel loss at 45 seconds in 80 p.s.i.g. steam with 5% lye 
using a wetting agent than without the wetting agent. 
The holding time in lye has no appreciable influence 


on peel loss (Figure 5). 


The use of 10% lye increased the peel loss when a 
10-minute immersion time was employed (Figure 6). 
There was a greater peel loss at 45 seconds in 70 p.s.i.g. 
steam, than at 30 seconds when the potatoes were im- 
mersed for 10 minutes in lye. The peeling efficiency 
was better at longer lye and steam exposure times. 
Higher concentrations of lye resulted in more peel 


loss, if the peeling efficiency was maintained. 


Runs were made varying the steam pressure to de- 
termine peel loss and peeling efficiency (Figure 7). 
The potatoes were held 5 minutes in 5% lye and ex- 
posed to different steam: pressures and exposure times. 
Increasing steam pressure and exposure increased the 
peel loss; maximum peeling efficiency was found to be 


36 seconds at 90 p.s.i.g. with a peel loss of 12.3%. 


The effect of lye temperature on peel loss for ex- 
posures of 5 and 10 minutes is shown in Figure 8. The 
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Figure 8. The effect of lye temperatures on peel loss at two 
immersion times in 5% lye. The potatoes were processed 45 
seconds @ 75 p.s.i.g, steam after lye treatment. 


curves show a flattening in the region of the gelatiniza- 
tion temperature of potato starch. The interpretation 
of this is that gelationization and rupture of cells in 
the parenchyma region at higher temperature hinders 
penetration of caustic, which limits cell lysis and 
consequently peel loss on washing. 

Peeling other food products. The application of 
steam-chemical peeling of apples has shown much 
promise in the laboratory. The peeling removes all the 
skin, even around the stem of the apple by this 
method. Various sizes and varieties of onions have 
been peeled, and a definite number of layers of skin 
can be removed, depending on the hold time in lye 
and steam. Sweet potatoes, carrots, beets, as well as 
wheat, corn, nuts, tomatoes and pimentos have been 
peeled. Commercial application of some of these 
products has not been completely developed at this 
time. 

Cost analyses. Based on commercial data, a com- 
parison was made of the various methods of peeling 
potatoes. The cost figures were based on the labor, lye, 
and product yield. This information is presented in 


Table 1, showing the difference in cost per ton of 
peeled potatoes. 

Table 1 shows that it would require $5.50/ton more 
to peel using only lye than it would by the combina- 
tion lye-steam method, and $1.60/ton more to peel by 
straight steam rather than lye-steam. The labor costs 
were based on a survey (1), as well as on information 
from Government publications on chemical and labor 
costs (3). 


TABLE 1 
Cost data on peeling potatoes 
Method peel loss cost difference 


Table 2 presents the cost and usage of lye required 
for the two methods using lye and the combination of 
lye plus steam. 

The reason that the consumption of lye is higher for 
straight lye peeling is due perhaps to the fact that the 
potatoes are immersed in lye for a longer period. The 
potatoes tend to absorb more lye as well as more carry- 
over than when the lye-steam peeling method is used. 


TABLE 2 
Costs and usage of lye 
Lb. lye/ton Cost lye/ton 
Method potatoes potatoer 
(15% ) 24 $1.20 
Lye + steam (5% )..... 2.4 12 


SUMMARY 


Correlation of surface area to peel loss was studied, 
using Idaho potatoes., As surface areas increase, peel 
loss is decreased. Five per cent lye followed by 45 
seconds at 75 p.s.i.g. steam resulted in good peeling, 
the peel loss being 14.6%. Addition of a wetting agent 
to 5% lye, followed by steam, produced good results 
with high yield. Cost analyses on three peeling 
methods indicated lye plus steam is the most economi- 
cal method of peeling. 
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The Quality of Grain-Finished and Grass-Finished 
Beef as Affected by Ripening 


(Manuscript received July 3, 1959) 


Fux MANAGEMENT and ripening 
are two of the many interacting factors affecting the 
quality of beef as judged by the producer, packer, and 
consumer, It is recognized that ripening up to a cer- 
tain point improves the eating qualities of beef, but 
the effects of specific feeding regimes do not seem 
quite so clearly defined. Thinking differs as to the 
merits of grass-finishing versus grain-finishing in pre- 
paring beef for market. The popular opinion seems 
to be that grain-fed beef is superior to grass-fed. 

One of the earliest comparisons of the quality of 
grain-finished and grass-finished beef was made by 
Black, Warner, and Wilson (3) in 1931. They re- 
ported no difference between the two types other than 
in tenderness. Beef fed a supplement. of corn and 
cottonseed meal was determined to be slightly more 
tender than beef fed only on pasture. Both taste 
panel scores and shearing strength values were used 
as criteria of tenderness. In 1940 Black, Hiner, Burk, 
Alexander, and Wilson (2) found no important dif- 
ferences either in tenderness or in other palatability 
factors between beef from animals fed exclusively on 
grass and those on grass supplemented with concen- 
trates. On the other hand, Bull, Snapp, and Rusk (4) 
reported inferior eating qualities for grass-fed beef 
because of lower finish. Likewise, Wanderstock and 
Miller (10) found beef from animals fattened on pas- 
ture alone to have poorer eating qualities than that 
from animals fed supplements, or fed in dry lot. How- 
ever, all of the beef was seored as acceptable. The 
superiority of the supplement-fed and dry-lot beef 
was attributed largely to higher finish. In 1953, Hunt, 
Kineaid, and Carter (6) concluded that there was no 
difference in the quality of grain-fed and grass-fed 
beef provided beth types were equally fat. 

Only limited work has been done to test the effects 
of ripening on beef from animals finished on different 
feeds. Barbella, Tannor, Hankins, and Hunt (1) 
found little or no difference in flavor and aroma of 
meat from grain-fattened and grass-fattened steers 
after 15.7 and 50 days of ripening. Chemical tests 
indicated that the sulfhydryl content of the grass- 
fattened beef was higher than that of the grain- 
fattened at 15.7 days, but the difference was not sig- 
nificant at 50 days of ripening. 

The purpose of the work reported here was to test 
the effects of limited and extensive ripening on the 
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palatability of beef from grain-finished and grass- 
finished steers. Other conditions which might affect 
palatability factors were controlled as far as possible. 


EXPERIMENTAL 


Experimental design. Meat for this study canie from 8 pairs 
of steers, tested over a period of 2 years. Both dry-heat and 
moist-heat cooking methods were employed. Roasts for dry 
heat cooking were cut from the longissimus dorsi muscle, in the 
loin and posterior-rib area, and roasts for braising were cut 
from the semimembranosus muscle of the round. Both types of 
cooked roasts were tested by sensory-difference measurements 
and shearing at 2, 7, 21, and 42 days of ripening. 

Feed management. Of the 8 pairs of steers tested, 5 were 
Hereford and 3 were Angus. Pertinent data on these animals 
are tabulated in Table 1. The animals of each pair were 
matched as closely as possible as to age and genetie back- 
ground. The grain-finished steers were full fed «a mixture of 
corn and cottonseed meal in dry lot an average of approxi 
mately 5 months prior to slaughter. Most of the animals were 
on pasture plus some grain before full feeding began. The 
grass-finished steers were on pasture their entire lives except 
during times of inclement weather when a limited amount of 
dry roughage or silage with cottonseed meal was fed. For the 
most part the pasture was orchard grass and Ladino clover. 

Ripening. After slaughter, the carcasses were chilled, then 
aged at 33° F + 3° (humidity approximately 85%). Samples 
were removed from one side of a careass for the first 2 test 
periods, and from the other side for the last 2 tests. The meat 
was aged as sides until the 21st day, samples being removed as 
needed, On the 21st day the remaining sections of the loin and 
round were removed and covered with wax, to be held in the 
cooler until the 42nd-day tests. 

Cooking. All roasts were boneless cuts. Cooking was done in a 
revolving-hearth, Despatch oven at 300° F., the temperature 
recommended by the National Cooperative Meat Investigations 
(5), for experimental roasting of beef. 

The loin roasts were eut 4 inches thick. Those from the 
grain-finished animals averaged 2.2 lb., and from the grass- 
finished, 1.8 lb. They were cooked uncovered to an internal 
temperature of 158° F. 

The round roasts were 2 inches thick. The average weight 
for the grain-finished was 2.7 lb., and for the grass-finished, 
2.5 lb. They were first browned 7° minutes on each side in a 
heavy, aluminum skillet at 325° F. surface temperature, then 
covered and cooked in the oven without added liquid to an in- 
ternal temperature of 208° F. Necessary weights were taken 
before and after cooking in order to determine cooking losses. 

Shears. Three, l-inch cores were taken from the same location 
in each cooked roast and cooled to room temperature for shear- 
ing. A Warner-Bratzler shearing machine was used. Each 
core was sheared twice, giving 6 measurements for shearing- 
strength averages. 

Sensory-difference tests. A trained panel of 5 judges‘ scored 
the meat for tenderness, flavor of lean, flavor of fat, and juici- 
ness. The panel was trained by scoring paired roasts. One roast 
of each pair had been frozen unripened and the other frozen 
after ripening for 14 to 21 days. Ability to consistently dif- 

“ Five minutes on each side for the 42-day ripening period. 

* Four judges for one pair. 
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GRAIN-FINISHED AND GRASS-FINISAED 


TABLE 1 


BEEF 


Data on steers used for feeding and ripening tests 


| 
Pair Breed Type of feed 
| 


Hereford Grain 


Grass 


Angus Grain 


(irass 


Hereford (Girain 
(Girass 


Hereford 


Grain 
Grass 


Grain 
Grass 


Hereford Grain 


Grass 
Angus Grain 
Grass 
Grass 


Grass 


' All carcasses were graded by an official U.S.D.A. Grader. 


ferentiate the ripened from the unripened meat was the eri- 
terion applied in selecting panel members. As the study 
progressed replacement judges practiced scoring meat actually 
under test. 

Seoring was done on a 9-point seale ranging from 9 to 1, 
excellent to very poor. For seoring the lean, each judge re- 
ceived a slice cut from the same relative position of each roast 
for every pair of animals. For scoring flavor of fat, a portion 
of the external fat trimmed from the roast before slicing was 
presented to each judge. Coded samples on individual plates 
were scored immediately after carving. Four samples were 
scored at one sitting, one from the loin roast and one from the 
round roast of each type of beef. 

Statistical methods. The data were tested by analysis of 
varianee. A split-plot design was used, with feeds as main plot 
and ripening periods and muscles as subplots. The Studentized 
Range as deseribed by Snedecor (8&8) was used to test signifi- 
eance. Missing-plot data were caleulated for one pair of steers, 
one muscle, and one aging period. Simple correlation co- 
efficients were used to determine the relationship existing be- 
tween panel tenderness scores and mechanical shear values. 


RESULTS 


Tenderness. Data for tenderness as measured by sensory panel 
and by shear value are shown in Table 2. Both criteria indi 
cate that the grain-finished beef was more tender than the 
grass-finished. This difference was significant as measured by 
taste panel (Table 6). While the shear values for the grain 
finished beef were consistently lower than for grass-finished, the 
difference was not significant. 

Ripening caused a highly significant (P.001) improvement 
in the tenderness of both grain- and grass-finished beef whether 
measured by panel or shear value. Most of the increase in ten- 
derness occurred during the first 21 days of ripening. Beyond 
this point, panel seores and shear values for the loin roasts 
tended to level off. The round roasts continued to inerease 
in tenderness but at a slower rate, up to 42 days of ripening. 
Although the grain-finished was the more tender of the 2 types, 
it should be pointed out that there was relatively more im- 
provement in the tenderness of the grass-finished beef, so that 
after 6 weeks of ripening differences in tenderness between the 
2 types were less marked than during the earlier periods. 

A comparison of all panel seores for tenderness with shear- 
ing strength values gave a correlation of —0.41 which was 
highly significant. Likewise, the correlation of panel scores 
with shear values of loin roasts for all aging periods combined 


Slaughte at 
laughter data Time full-fed 
Age Weight Grade! grain 


lbe US.D.A 
24 1070 High Good 8 
23 870 High Standard 


16—18 990 High Good 


16-15 965 Average Good 


1s 985 High Good 6 


916 Average Good 


1065 


2 YRO 


High Good 
Average Good 


1020 


20 S64 


Low Choice 
Average Good 


1050 
930 


Low Choice 
Average Good 


Low Choice 


Low Good 


High Good 


Low Good 


21.5 1000 High Good + 4.9 


21.8 S95 Low Good 4 


was highly significant. However, correlation for single aging 
periods tended not to be significant. 

Flavor of lean. Data fcr flavor of lean, flavor of fat, and 
juiciness are shown in Table 3. The lean of grain-finished beef 
seored significantly higher (P.001) in flavor than that of grass- 
finished beef (Table 6). The difference between the 2 types was 
more noticeable in the loin roasts where the average scores 
differed by 1.1 points, than in the round roasts where the dif- 
ference was 0.7 point. 

Ripening afforded little or no improvement in the flavor of 
the lean of grass-finished beef, but tended to improve the flavor 
of the grain-finished lean up to the 2lst day. Over-all, the 
flavor of lean scores decreased significantly between the 21st 
and 42nd day of ripening, the decreases being more marked 
for the grain-finished. 

Flavor of fat. As indicated by the data in Table 3, the greatest 
sensory difference between the 2 types of beef was observed in 
the flavor of the fat. Differences attributed to feed were highly 
significant (P.001) (Table 6), the fat of the grain-finished beef 
being much more acceptable to the panel (Table 3). Ripening 
for 21 or 42 days caused significant decreases in the seores for 
fat flavor of either type of beef. 

In an effort to account for the differences in fat flavor be- 
tween the 2 types of beef, and for the impairment due to ripen- 
ing, external fat samples from the last 3 pairs of steers were 
analyzed for per cent free fatty acid and peroxide values. Both 
heated and unheated samples were aialyzed to determine if the 


TABLE 2 


Tenderness scores and shearing strengia measurements of grain- 
finished and grass-finished beef after ripening 


Grain-finished Grass-finished 
Number of days 


j 
of ripening Panel Shear Panel | 


Shear 
score in lbs score in Ibs. 
Longissimus do. si 
, i 6.6 9.8 5.7 21.7 
7. 3.8 4.6 6.9 17.1 
8.2 7.8 15.6 
42 8.4 14.0 8.0 14.2 
Correlation 0.52* Correlation 0.52** 
Semimembranosus | 
6.8 20.3 5.8 | 24.7 
6.4 18.0 5.8 20.2 
BB 7.4 14.7 6.8 16.4 
7.6 11.4 7.3 12.4 
Correlation 0.35 Correlation 0.37* 


* Significant at P.05 
* Significant at P.O1 
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TABLE 3 


Flavor and juiciness scores’ for loin and round roasts from grain- 
finished and grass-finished beef after ripening 


Number of days 


; Flavor of lean Flavor of fat Juiciness 
of ripening 


are. grn. 


= 


Longissimus dorsi 
61 


| 


Semimembranosus 


7 
| 


Av 7.5 


‘Each figure an average of 8 tests 


flavor deterioration was due to the effeet of ripening per se, or 
whether the heat of roasting imposed flavor deterioration on 
the aged fat. The preparation of the fat samples has been 
deseribed (9). Averages of these data are shown ia Table 4. 
This limited work yielded no indication that the grass-finished 
fat had any greater tendeney to either oxidize or hydrolyze than 
did the grain-finished fat. Aging for 42 days caused an increase 
in acid development in both types. Thus it seems possiole that 
hydrolysis may account in part for the flavor deterioration of 
the fat d “ ripening. It can only be surmised that some fat- 
soluble substance(s) absorbed by the fatty tissue may have 
contributed to the less desirable flavor of the fat of beef 
finished on pasture. 

Juiciness. (Girain-finished beef was scored significantly 
(P.001) more juiey than the grass-finished beef (Tables 3 and 
6). This was true for both the medium-done loin roasts and 
the well-done round roasts, even though the round roasts were 
significantly less juicy than the loin roasts. Since ‘‘it is 
generally conceded that the presence of fat around and within 
the muscle inereases the juiciness of the cooked meat’’ (7), this 
difference was to be expected, because the grain-finished steers 
averaged about two-thirds of a grade higher than the grass- 
finished steers. Juiciness was neither improved nor impaired 
by ripening. 

Cooking losses. Over-all differences in drip losses, evaporation 
losses, and total cooking losses due to feed were not significant 
(Tables 5 and 6). However, the average drip loss from the loin 
roasts of the grain-finished animals was higher than that from 
the grass-finished animals. The higher fat content of the grain- 
finished roasts probably accounted for this difference. 

Ripening produced a progressive increase in drip losses and 
in total losses that was highly significant (P.001). This in- 
crease was much more evident in the drip from the loin roasts 
than from the round roasts of both types of beef. Evaporation 
losses were not significantly affected by ripening. 


DISCUSSION 


In this study both kinds of beef were scored at the 
same time making comparisons between the two inevi- 


TABLE 4 


Peroxide numbers and per cent free acid of external fat’ from 
grain-finished and grass-finished beef after ripening 


Free acid 
(Per cent as oleic) 


Number of days | 


Peroxide number 
of ripening 


gre. 
Heated samples 

0.44 

1.82 

0.59 

4.01 


0.25 | 
0.21 | 
0.50 | 
0.67 | 


' Each figure is the average of 3 determinations. 


table. Under these conditions, the grain-finished beef 
scored significantly superior to the grass-finished beef 
in flavor of lean, tenderness, flavor of fat, and juici- 
ness. However, when the scores for both loin and 
round roasts were combined, the average differences be- 
tween the two types were 0.9, 0.6, 1.65, and 0.5 points 
respectively. On the basis of the 9-point scale used in 
this study, it might be questioned whether these dif- 
ferences are great enough to consider the grass- 


TABLE 5 
Cooking losses‘ of loin and round roasts from grain-finished and 
grass-finished beef after ripening 


Total loss, 
per cent 


Drip loss, 
per cent 


Number of days 


loss, 
of ripening 


Evaporation 
per cent 
| 
Longissimus dorsi 
” 


* Each figure is the average of 8 determinations. 


finished beef inferior from a consumer standpoint, 
especially in flavor of lean, tenderness, and juiciness. 
On the other hand, the more decided difference in 
flavor of fat would perhaps be of importance to con- 
sumers. The question also arises as to whether the 
differences between* the grain-finished grass- 
finished beef would have been as great or greater had 
each sample been presented to the panel as a single 
stimulus and at different times. 

Two breeds, Hereford and Angus, were used in this 
study and there was considerable variation in the 
length of time on full grain feed. The data indicate, 
that for the palatability factors tested, no differences 
were associated with either breed or length of time on 
feed. 

Ripening affected the flavor of fat, juiciness and 
cooking losses of the two types in a somewhat paralle! 
manner, but the flavor of lean of the grain-finished 
beef showed a trend toward improvement not ob- 
tained with the grass-finished beef. The grass-finished 
beef showed more relative improvement in tenderness 
during ripening than did the grain-finished beef. 
With this panel and with the grade of meat tested, 
ripening beyond 21 days seemed to produce diminish- 
ing returns. The slight increase in tenderness ob- 
tained after 21 days, tended to be offset by impair- 
ment in the flavor of the lean and fat. 


SUMMARY 


The effects of 2, 7, 21, and 42 days of ripening on 
the palatability of grain-finished and grass-finished 
beef were studied. Medium-done loin roasts cooked by 
dry heat, and well-done round roasts cooked by moist 
heat were tested by a sensory-difference panel for ten- 
derness, flavor of lean, flavor of fat, and juiciness. 
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GRAIN-FINISHED AND GRASS-FINISHED BEEF 


TABLE 6 
Mean squares for palatability scores and per cent cooking losses 


| 
| | 
Source i df Warner Sensory 
Bratzler | panel 
shear | scores 


Tenderness 


Replications (Pairs) 29.60 0.78 
Error (Main plot) (Reps x Feeds)..... 33.88 2.09 
Ripening periods 439.23*** | 18.17*** 
Muscles 82.30 15.40*** 
Ripening periods x Muscles.... 42.26** 
Ripening periods x Feeds.... | z 9.75 |} 0.59 
Feeds x Muscles , 3.09 0.01 
Feeds x Ripening periods x Muscles....| 3 3.61 0.07 
Er:or (Subplots) 96 9.55 0.39 


Lean 


0.56 
24.50 
0.34 
1.64* 
0.28 
0.08 
0.24 
1.12* 


Flavor Cooking losses 
Pat Juiciness Per cent Per cent Per cent 
driy evaporation total 
0.80 0.42 14.01 3.09 18.09 
alied 92.48 8.20*** 41.90 5.59 16.89 
1.05 | 0.11 16.52 3.95 20,48 
160.35°°° 0.11 91,.68** 4.17 79.92*** 
6.84*** | 206.04** 15831.10* 12.37 | 14958.01*** 
0.54 0.19 18.17** 11.63 41.56*** 
0.03 0.19 1.37 1.12 1.06 
0.00 0.02 125.83*** 0.10 118.66*** 
0.12 0.04 0.20 0.63 1.35 
0.35 0.19 3.40 3.15 3.91 


* Denotes significance at P.05. ** Denotes significance at P.01. *** Denotes significance at P.001 


Objective estimates of tenderness were made with a 
Warner-Bratzler mechanical shear. Cooking losses 
were determined. 

The grain-finished beef was scored significantly 
higher than the grass-finished beef for tenderness, 
flavor of lean, flavor of fat, and juiciness. Tenderness 
differences due to feeding regimes were not significant 
when measured by shear machine. There were no 
significant differences in cooking losses attributable to 
feed. 

Both types of beef exhibited highly significant in- 
creases in tenderness due to ripening, but relatively 
more improvement was shown by the grass-finished 
beef. 

The flavor of lean of the grain-finished beef tended 
to improve up to 21 days of ripening, but the flavor of 
lean of the grass-finished beef showed little or no im- 
provement during ripening. After 21 days, the scores 
for flavor of lean decreased significantly. 

Flavor of fat of both types of beef was significantly 
impaired with 21 and 42 days of ripening. Some evi- 
dence was obtained that free fatty acid developed 
between 21 and 42 days of ripening. 

Juiciness was not significantly affected by ripening. 

There were highly significant increases in drip 
losses and total cooking losses due to ripening, but 
evaporation losses were unaffected. 


Acknowledgments 


The authors wish to thank the following people for their 
assistance: Dr. L. E. Orme for the statistical analysis of the 
data, Mrs. Marjorie Chrisman for cooking the roasts and con- 


dueting the sensory-difference tests, and Miss Virginia Stames 
for making the chemical determinations on the fat from 2 pairs 
of steers. 


LITERATURE CITED 


1. BARBELLA, N. G., TANNOR, B., HANKINS, O. G., AND Hun, 
R. E. Comparative ripening of beef from grass-fattened 
and grain-fattened steers. J. Agr. Research, 64, 517 
(1942). 

2. Buack, W. H., Hiner, R. L., Burk, L. B., ALEXANDER, 
L. M., AND Wixson, C. V. Beef production and quality 
as affected by method of feeding supplements to steers 
on grass ia the Appalachian region. U. 8. Dept. Agr. 
Tech, Bull. 717 (1940). 

3. BLAcK, W. H., Warner, K. F., anp Witson, C. V. Beef 
production and quality as affected by grade of steer and 
feeding grain supplement on grass. U. 8S. Dept. Agr. 
Tech. Bull. 217 (1931). 

BuLL, 8., Snapp, R. R., anp Rusk, H. P. Effects of pas- 
ture on grade of beef. Ill. Agr. Expt. Sta. Bull, 475 
(1941). 

. Committee on Preparation Factors, National Cooperative 
Meat Investigations, Meat and Meat Cookery, 1942, Na- 
tional Livestock and Meat Board, Chicago. 

Hunt, R. E., Kincatp, C. M., anp Carter, R. C. Grain or 
grass-fattened cattle? Va. Agr. Expt. Sta. Bull, 458 
(1953). 

Lowe, BELLE. Experimental Cookery. 4th ed. 1955, John 
Wiley and Sons, Inc., New York, N. Y. 

8. Snepecor, G. W. Statistical Methods. 5th ed. 1956, The 
Iowa State College Press, Ames, Lowa. 

. Stames, V. Relation of flavor changes to chemical changes 
in the fat of grain-fed and grass-fed beef after ripening 
and eooking. (Unpublished Master’s thesis, University 
of Tennessee, 1958). 

. WANDERSTOCK, J. J., AND MILLER, J. I. Quality and pala- 
tability of beef as affected by method of feeding and 
eareass grade. Food Research, 13, 291 (1948). 


ot 
fy 
2 
ee 
i 
| 
Jf 
| . 
q | 
| 
Bee 
| 
4 fro 
| aft 
| 
i 
‘ 
= 
! 


Improving the Stability and Acceptability of 
Precooked Freeze-Dried 


(Manuscript received June 26, 1959) 


No PUBLICATIONS (2, 3, 5, 
9, 11) have reported that freeze-drying of meat pro- 
duces a product far superior to that which can be 
obtained by conventional high-temperature vacuum 
methods. Although freeze-dried meat initially pos- 
sesses a number of ideal quality characteristics, de- 
terioration does occur during subsequent storage. 

In their comprehensive review on freeze-drying, 
Harper and Tappel (5) discuss and describe the ad- 
verse changes occurring in freeze-dried beef during 
storage, while Sharp (6, 7) has reported on the non- 
enzymic degradation of freeze-dried pork. 

Studies have been cited (5) which indicate that 
freeze-dried beef has a suitable storage stability for 
six months at 100° F. and freeze-dried pork chops 
exhibited good storage stability for one year both at 
70° F. and 100° F. With cured meats, however, 
Wodicka (71) has stated that the freeze-dried samples 
became rancid after a few weeks of storage, although 
the initial quality was good. It was hypothesized that 
the curing ingredients of commercially cured hams 
were responsible for these changes. Accordingly, ex- 
periments were designed in which curing methods, 
alteration and substitution of curing ingredients, time 
and temperature of curing, and precooking conditions 
were modified in an attempt to increase the storage 
stability. Results of these investigations and those 
obtained by the use of various stabilizers and of a 
long term storage study are reported herein. 


EXPERIMENTAL 


Curing methods. Iams were injected with a sterile 75° salome- 
ter pickle equivalent to 10% of their green weight by artery, 
spray and stitch pumping. The pickle consisted of salt and cane 
sugar in the ratio of 8:3, with sodium nitrate and sodium 
nitrite being added at levels of 0.15% and 0.09%, respectively. 
Sodium isoaseorbate" was added to the pickle at the rate of 
2.62 g. per gallon immediately prior to pumping. For cover 
pickle, the above solution was diluted to 65° salometer. Hams 
were held in eure for 6 days at 38° F, 

Alteration and substitution of curing ingredients. A number 


‘ 


* Technieal Paper No, 1224, Oregon Agricultural Experiment 
Station. 

* This paper reports research undertaken in cooperation with 
the Quartermaster Food and Container Institute for the Armed 
Forees, QM Research and Engineering Command, U. 8. Army, 
and has been assigned number 1011 in the series of papers 
approved for publication. 

* Presented at the Nineteenth Annual Meeting of the Insti- 
tute of Food Technologists, May 20, 1959, Philadelphia, 
Pennsylvania. 

“Supplied through the courtesy of Merck and Co., Ine., Rah- 
way, New Jersey. 
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or 75 salometer pickles were tested and in each the salt and 
sugar were held constant at a ratio of 8:3, while the amounts 
of sodium nitrate and sodium nitrite were varied. Nitrate and 
nitrite were added to pickles at 4 different levels: 0.065, 0.13, 
0.195 and 0.264% of total pickle, either as the sole color fixa- 
tive agent or in various combinations with one another. 

In later experiments, the pumping pickle was diluted from 
5° salometer to 60°, 40° and 20° salometer, while monosodium 
glutamate was added at levels of 0.05%, 0.1% and 0.15%, 
respectively. In these brines, sugar was completely replaced 
with Suearyl* (sodium cyclamate) at the rate of 1 part Sucary! 
equals 32 parts sugar. Nitrate and nitrite levels were 0.15% 
and 0.09%, respectively. Hams were artery pumped with the 
above pickles and held for 6 days in a cover brine of the same 
strength as that with which they were pumped. 

Hams were also cured in some of the brines in which 8 ounces 
of sodium hexametaphosphate and 2.62 g. of sodium isoascor- 
bute were added per gallon of solution. 

Time and temperature of curing. Artery pumped hams were 
held in cover pickle for 4, 6, 8 and 10 days at temperatures of 
34°, 38°, 42° and 50° F. 

Precooking conditions. After hams had been removed from 
curing, they were soaked in 60° F. tap water for 20 minutes. 
All hams were heat treated for 18 to 20 hours, until they ob 
tained an internal temperature of 135° F., in a large tunnel 
dehydrator under constant simulated smoke house conditions; 
however, the actual smoking was eliminated. 

Hams were eut into one-half inch thick slices with bone and 
fat debris being removed from the surfaces of each slice. Slices 
were then placed on stainless steel racks 4% inch high in shallow 
stainless steel pans. Thermocouples, connected to an electronic 
recording potentiometer, were inserted into the center of the 
mimombranosus muscle of each slice and the pans were tightly 
covered with heavy duty aluminum foil. Some of these slices 
were cooked to internal temperatures of 150°, 165° and 180° FP. 
in a 300° F, eleetric oven while corresponding slices were cooked 
over a 3-hour period in order that the internal temperature of 
the meat reached 100°, 125°, and 150° F. at the end of the 
first, second and third hours, respectively. Oven temperatures 
during this cooking period were approximately 150°, 170°, and 
190° F. for the first, second and third hours. 

Preparation of samples for freeze-drying. All bone and visible 
fat were removed from each slice. The remaining lean meat 
was cut into pieces approximately 2 in. x 2 in. x % in. A com 
posite sample of lean meat was taken from the slices of each 
ham for moisture determination. The ham pieces were placed 
in a —18° F. blast freezer for 12 hours before being placed in 
the freeze-drier. 

Freeze-drying. A Stokes vacuum chamber, having 2 hollow 
shelves (18 inches by 24 inches) fitted for cireulating heated 
water was used for freeze-drying. The chamber was evacuated 
by 1.5 h.p. Stokes ‘‘Microvae’’ pump equipped with an oil 
clarifier. Water vapor sublimed from the frozen meat during the 
drying cycle was condensed in a shell and tube condenser main 
tained at —20° F. by 1.5 h.p. Freon single stage compressor. 
Total pressure in the chamber was measured with a Stokes 
model MeLeod Gauge (Flosdorf modification). 

Temperature of the shelves was maintained at 120° F. for 
the first 7 hours and then was gradually reduced to 90° F. for 

*Supplied through the courtesy of Abbott Laboratories, 
North Chieago, Illinois. 
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*Malpighia punicifolia, the richest known fruit source of natural vitamin C 


APPROXIMATE ANALYSIS: THE NUTRIENT CONTRIBUTION OF SINGLE-STRENGTH ACEROLA JUICE, 
WISCONSIN ALUMNI RESEARCH FOUNDATION ASSAY REPORT OF AUGUST 17, 1959 


ACEROLA JUICE: Moisture......... 92.07% Ascorbic Acid (Vitamin C) 
Carbohydrate.....7.17% Reduced.....3,300. mg. per 100 gm Riboflavin 35 y per 100 gm. 
Protein 5 oa ce Dehydro 90. mg. per 100 gm Caicium 26.0 mg. per 100 gm. 
Ether Extract.. 0.049% Total 3,390. mg. per 100 gm. Phosphorus 18.37 mg. per 100 gm. 
Rr: 0.07% Thiamin ... 47.55. y per 100 gm. iron 1.90 mg. per 100 gm. 
Oa Niacin ....950. y per 100 gm. Sodium 5.1 mg. per 100 gm. 
cone us 3.7 Vitamin B-6..... 14.43 y per 100 gm Fluorine 0.81 P.P.M. 


Medical Brochure Available Based on Wisconsin Alumni Research Foundation Assay Report 
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PRECOOKED FREEZE-DRIED HAM 


the remainder of the drying period which was about 9 to 12 
additional hours. The chamber pressure during the first 7 
hours ranged between 0.6 and 0.7 mm. Hg. and slowly decreased 
to about 0.25 and 0.3 mm. Hg. toward the end of the drying 
cycle. Therrmaoeouples were inserted into the samples and con- 
nected to a multipoint electronic recording potentiometer. 

Samples were freeze-dried until the residual moisture content 
Was approximately 3 to 5% as determined by weight loss. 

Storage stability studies. Commercially cured hams were cut 
into % ineh thick slices and pre-cooked over a 3-hour period. 
Final internal temperature of the slices was 150° F. Samples 
were prepared for freeze-drying according to the proeedure 
mentioned previously. Upon completion of the drying cycle, 
samples were removed from the drying chamber and approxi- 
mately 70 g. were placed in No. 307 x 409 C-enameled cans and 
sealed by one of the 6 following methods: 

1. Nitrogen atmosphere + in-package-desiceant (IPD) + 

activated charcoal 
. Nitrogen atmosphere 
. Carbon dioxide atmosphere + IPD + activated charcoal 


. Carbon dioxide atmosphere 


IS 


Vacuum sealed + IPD + activated charcoal 


6. Vacuum sealed 


Each IPD ineluded 10 g. of silica gel while 1 g. of activated 
charcoal was included in another packet. 

Cans containing samples that were to be sealed under inert 
gus were evacuated and flushed twice with the gas and sealed 
under the third flushing of gas. 

Cans of freeze-dried ham were placed in storage at 0°, 70°, 
and 100° F., although samples canned with IPD and to be 
stored at 100° F. were first held at 70° F. for 14 days for 
equilibration of the moisture. For deterioration and organo- 
leptic evaluation, samples stored at 0° F. were analyzed at 
6-week intervals while those held at 70° and 100° F. were sam 
pled every 2 weeks over a 12 month period. 

As the samples were removed from storage at the designated 
intervals, the cans were opened and the contents were sub- 
jectively examined for odor and color. A 20 g. sample was 
taken from each can and immediately ground twice in a house- 
hold food grinder and used for moisture, rancidity and color de- 
terminations. Three gram samples were placed in a vacuum oven 
at 158° F. under a vacuum of 29 inches Hg. for 24 hours and 
loss in weight was considered as the moisture content. A 2 g. 
sample was used to determine rancidity by the TBA procedure 
(12). The remainder of the ground sample was used to measure 
color by the Hunter Color and Color Difference Meter. The 
machine was balanced with a standard white plaque having 
values of Rd 73.3, a — 0.4 and b+0.5. Since the a/b ratio is 
directly related to hue, color is reported as a/b ratio. 

The remaining intact samples from each can were weighed 
and then re-canned under 25 inches vacuum. These samples 
were than vacuum rehydrated by submerging and opening the 
ean under tap water at 120° F. The temperature of the water 
was niaintained at 120° F. during the rehydration period of 5 
minutes. Excess water was removed by blotting with paper 
towels and then the samples were weighed. Rehydration values 
were calculated as the percentage of the original moisture of 
the ham. 

The rehydrated samples were cooked in steam in a closed 
vessel until an internal temperature of 180° F. was reached. 
It was then served to a taste panel consisting of 12 judges, who 
rated the meat on a hedonie seale for intensity of aroma, color, 
flavor, juiciness and rancidity. The seale for aroma and flavor 
was 7, very pronounced, to 1, imperceptible. Color seale was 7, 
dark red, to 1, brownish-yellow. The seale for juiciness was 7, 
extremely juicy, to 1, extremely dry, whereas the rancidity 
seale ranged from 7, none detectable, to 1, very extreme. Color 
and flavor were also judged on a desirability basis, with the 
seale ranging from 9 to 1, with 9 being very desirable and 1 
being very undesirable. 


Stabilizers. Slices of commercially cured ham were pre-cooked 
and prepared for freeze-drying via constant conditions as men 
tioned previously. Samples were freeze-dried for 18 hours after 
which they were removed from the drier and instantaneously 
dipped in one of the following solutions: 


1. 0.5% low glucose corn starch solu " 
2. 1.0% low glucose corn starch solution 


3. 1.0% low glucose corn starch solution + 0.01% propyl 
gallate and 0.5% sodium isoascorbate 


4. 0.01% propyl gallate and 0.5% sodium isoaseorbate 

solution 
5. 0.015% Santoquin‘ in 95% ethanol solution 

6. Control 

After dipping, s: mples were freeze-dried for an additional 
3 hours and then eanned with CaO as an in-package-desiceart 
under a yacuum of 25 inches Hg. Samples were held at 70° F. 
for 14 days for moisture equilibration, after which they were 
stored at 100° F, for 43 days followed by 20 days storage at 
130° F. which approximates 1 year’s storage at 100° F. Ae- 
cording to the caleulations and interpretations of Tappel et al. 
(8) 1 day of storage at 130° F. is about equal to 16 days stor- 
age at 100° F. Upon removal from storage samples were 
analyzed for moisture, rancidity and color by the methods men- 
tioned previously. 


RESULTS AND DISCUSSION 


Results of many storage stability trials in which 
freeze-dried ham samples were obtained from hams 
involved in studies of (a) curing methods, (b) altera- 
tion and substitution of curing ingredients and (c¢) 
time and temperature of curing, failed to show in- 
creased stability beyond that which was obtained with 
commercially cured hams. Therefore, discussion of 
these factors will be limited. 

Curing methods. Penetration and diffusion of the 
curing pickle throughout the hams were more uniform 
and complete, as determined by visual inspection of 
color development, in the artery pumped hams than 
in those pumped by the other two methods. Spray 
pumping was found to be superior to stitch pumping. 
The main objection to stitch pumping is that the 
curing solution tends to ‘‘localize’’ where it is in- 
jected, thereby resulting in incomplete diffusion of 
the solution, greater likelihood of spoilage, and uneven 
saltiness of the cured ham. It was concluded from 
the studies conducted that artery pumping was the 
most reliable pumping method as measured in terms 
of completeness of brine diffusion, and the uniformity 
in the development of the cured color and flavor. 

Alteration and substitution of curing ingredients, 
In the attempts to produce a ham possessing superior 
qualities to obtain freeze-dried samples having excel- 
lent storage stability properties, the curing ingredi- 
ents in several experimental brines were varied in 
concentration or were replaced with other constituents. 

Hams cured with pickles having both nitrate and 
nitrite at levels of 0.195% or more and precooked to 
an internal temperature of 150° F., showed an exces- 


sive amount (over 200 p.p.m.) of residual nitrite, 
while hams cured in brines having a concentration of 
both nitrate and nitrite of 0.13% were generally bor- 
derline. The developing cured color of hams cured in 
pickles having low levels of both nitrate and nitrite, 
0.065%, was rather incomplete and irregular. In most 
cases, the color that did develop was somewhat un- 
stable. Consistently good results were obtained with 


‘ Supplied through the courtesy of Monsanto Chemical Co., 
St. Louis, Mo. 
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a pickle containing 0.15% nitrate and 0.09% nitrite 
which was used as the control pickle. 

Taste panel results indicated that hams pumped 
with brines having low salt levels, 20° and 40° sal- 
ometer, and Suecary! in place of sugar, were about 
equal in flavor and color as the hams cured in the con- 
trol brine; however, freeze-dried samples from hams 
cured in these experimental brines showed very poor 
stability after 4 to 6 weeks storage at 100° F. Re- 
hydrated freeze-dried samples from hams cured with 
brines having low salt levels were found to be devoid 
of cured flavor or spoiled. Apparently, salt levels of 
the 20° and 40° salometer pickles were not high 
enough to preserve the ham. Reeonstituted freeze- 
dried samples from hams cured in brines containing 
Sucaryl were considered by the taste pane! to have a 
flavor somewhat foreign to that which is characteristic 
of normal cured ham. 

Additions of 2.62 g. of sodium isoascorbate and 8 
ounces sodium hexametaphosphate per gallon of pickle 
appeared to exert a beneficial effect upon cured color 
retention of the stored freeze-dried samples. 

Time and temperature of curing. A curing time of 
6 days was found to be the optimum length of curing 
at a temperature of 38° F, Curing at temperatures of 
2° and 50° F. for 4 days produced hams having con- 
siderable variation in flavor. An off-flavor was evident 
in some of these hams and it became more undesirable 
as the length of curing time increased. The develop- 
ment of the off-flavor can probably be attributed to 
the growth of undesirable microflora at temperatures 
of 42° and 59 F. Hams cured at a temperature of 
34° F. for 6 days were generally lacking in flavor and 
the developing cured color was quite irregular, al- 
though improvements were noted as length of curing 
time increased. 

Precooking. Iam slices cooked over a 3-hour period 
in which the internal temperature of the meat reached 
100° F., 125° F. and 150° F. at the end of the first, 
second and third hours, -respectively, were judged by 
the taste panel to be superior in color retention and 
more flavorful than the slices cooked to internal tem- 
peratures of 150°, 165° and 180° F. in the much 
shorter time of 20 to 30 minutes. Rehydrated freeze- 
dried samples from these treatments were also rated 
in this manner. Therefore, the 3-hour cooking pro- 
cedure, as mentioned above, was the method of pre- 
cooking all of the samples for storage stability tests 
of freeze-dried ham. 

Storage stability. Upon the initial opening of the 
cans of freeze-dried ham as they were removed from 
storage, a pungent and burnt odor, which sometimes 
was accompanied by a stale and rancid odor was found 
to be characteristic of the samples stored without 
activated charcoal. Samples sealed under nitrogen or 
CO. seemed to have more disagreeable odors than 
those that were vacuum packed. These off-odors were 
practically non-detectable in the samples stored with 
chareoal, regardless of the method of pack. 

After 6 weeks of storage at 70° and 100° F., the 
color of the dried samples began to change from red- 
dish-pink to pinkish-tan ; the change was most evident 


in samples stored at 100° F. At the end of 12 weeks 
of storage, a number of dried samples stored at 70° F. 
were observed to be tan or brownish-yellow while 
those stored at 100° F. showed a variety of discolora- 
tions, such as cream or beige with orange and yellow 
tinge ; however, the intensity of off-odor and discolora- 
tions diminished considerably after rehydration. 

In comparing the results of the taste panel evalua- 
tion and the objective determinations of samples 
packed under nitrogen or COs to those eanned under 
vacuum, it appears that vacuum packed samples were 
slightly superior to those packed under an inert atmos- 
phere. The most noticeable differences are shown by 
the values for both color and flavor desirability and 
intensity of rancidity which are listed in Table 1. 


TABLE 1 


Results of taste panel and objective measurements of rehydrated 
freeze-dried ham stored under inert gas or vacuum for 
varying periods of time 


Length of storage (weeks) 
Method of pack 


0 6 12 18 20 22 =4 

Color desirability 

70 6.4 51 5.3 5.0 44 

OOr. 6.9 5.6 5.6 5.2 5.1 4.6 

Vacuum 7.3 7.1 6.5 5.6 4.5 4.5 4 
a/b color ratio 

1.65 76 89 77 

1.47 1.06 a4 s4 

1.71 1.11 061.00 1.03 1.08 1.17 1.10 
Flavor desirability 

5.5 5.4 5.0 4.9 4.5 

COs... 5.3 5.1 5.4 5.1 4.7 

Vacuum....... 7.2 6.9 6.0 5.8 5.0 5.4 4.65 
Rancidity 

6.7 5.0 3 5.2 6.2 4.0 

COs. 6.7 5.2 5.2 §.1 5.0 

TBA values (! 

22 32 26 42 

Juiciness 

5.3 4.6 4.5 4.7 4.6 4.2 

5.4 4.5 4.8 4.2 4.5 

% rehydration 

89.4 86.7 83.5 85.1 86.2 75.1 

COxs.. 25.9 85.0 B54 86.4 78.6 

138.4 86.1 88.2 85.1 B59 65 


The taste panel found that the rehydrated vacuum 
packed samples retained more desirable color and 
flavor, and were scored slightly less rancid than those 
packed under nitrogen or CO». After 20 weeks of 
storage at both 70° and 100° F., nitrogen and CO. 
packed samples were considered to be beyond the nor- 
mal range of acceptability. At this time, panel mem- 
bers commented that the aroma and flavor of the re- 
hydrated samples which were packed under inert gas 
were quite foreign to that of cured ham. The flavor 
was difficult to describe, although it was considered 
not to be very rancid. Sharp (6) has found that 
freeze-dried pork will deteriorate during storage even 
in the absence of oxygen and that the bitter, burnt 
flavors are produced by the reaction of the sugar frae- 
tion in meat with the non-protein fraction. 

Since the taste panel data and the TBA values indi- 
cate that the vacuum packed samples were less rancid 
than the inert gas packed samples, the method of gas 
sealing employed in this study may not have removed 
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as much of the atmospheric oxygen as was removed 
by sealing under vacuum. Therefore, the amount of 
residual oxygen remaining in the cans under inert 
gas may have been appreciably higher than that in the 
vacuumized cans, thereby causing a slightly increased 
rate of oxidative rancidity. 

Only slight differences in juiciness and level of re- 
hydration were shown between samples of the different 
packs stored at 0°, 70° and 100° F. Most of these dif- 
ferences can probably be attributed to the difficulty 
in maintaining heterogeneity among the samples, as 
will be discussed later in the paper. 

Although the taste panel found the vacuum packed 
samples stored at either 70° or 100° F. to be fairly 
acceptable after 22 weeks of storage, similar samples 
stored for 24 weeks were judged as unacceptable. 
Taste testing of the samples stored for this study was 
discontinued after 6 months of storage, although 
the remaining samples were subjectively examined 
periodically. One of the vacuum packed samples 
stored for 8 months at 100° F. exhibited excellent 
stability. It had retained a desirable reddish-pink 
color with almost no visible browning and off-odor was 
practically non-existent. After rehydration, the meat 
was rated by the taste panel who stated that the flavor, 
color, juiciness and texture were very desirable and 
only a slight degree of rancidity could be detected. 

Generally, samples stored at 70° F. were rated 
slightly higher than corresponding samples held at 
100° F. These data are presented in Table 2. 

Color and flavor desirability of freeze-dried ham 
are the factors apparently affected the most by an 
increase in moisture content and also by an increase 
in storage temperature as shown in Table 3. Samples 
stored with the higher amounts of moisture (in excess 
of 7.5% ) and held at 100° F. showed a greater degree 
of discoloration than similar samples stored at 70° F. 

Within each moisture group, samples that were 
stored at 70° F. and rehydrated were scored by the 
taste panel at least one-half unit higher, on a 9 point 
scale, in color desirability than the samples held at 
100° F. Rehydrated meat from samples having a 
residual moisture content above 7.5% during storage 
were rated by the taste panel from one-half unit to 
one and one-half units lower than the samples stored 
with moisture contents below 7.5%. This same trend 
was also noted with flavor desirability, although the 
differences were not as great. 


TABLE 2 


Results of taste panel and objective measurements of rehydrated 
freeze-dried ham stored at different temperatures for 
varying periods of time 


Length of storage (weeks) 


Storage temperature | 


0 6 12 is 20 22 24 
Color desirability 
0 7.3 5.9 6.0 7.0 
oe : 8.0 6.7 6.2 6.1 5.8 5.0 4.2 
6.2 5.1 4.7 3.9 4.2 
a/b color ratio 
0° F 98 1.14 1.00 .... 1.05 
FO" Dice 1.64 99 92 81 1.07 99 1,10 
100° F... 1.6€ 1.00 81 97 .79 86 «1.39 
Flavor desirability 
O° F 7.0 5.8 4.4 5.1 5.4 
7.1 6.1 5.8 5.6 5.1 
| 7.1 5.6 5.0 4.8 4.6 
Rancidity 
6.9 5.3 5.0 cove 5.0 
i 6.6 5.8 5.5 5.4 5.4 4.9 5.7 
6.7 5.5 5.3 5.3 5.3 5.5 5.8 
TBA values (535 mua) 
FF. 19 2¢ 26 37 .28 85 32 
24 28 26 31 .26 44 -23 
Juiciness 
O° 2 5.1 8 3.4 
70° F 9.2 4.6 4.6 4.6 4.5 4.0 2.7 
200° 5.0 4.7 4.4 4.7 4.0 4.3 3.3 
% rehydration 
B.... 0.1 89.7 86.4 92.7 ee 69.3 
et $8.3 86.2 85.8 81.1 85.6 75.1 55.6 
; 39.7 85.0 85.2 83.4 86.7 79.4 175.0 


Cured ham that was vacuum packed and held at 
0° F. for 20 weeks and reh.,drated freeze-dried ham 
from vacuum packed samples stored for the above 
length of time at both 70° and 100° F. were compared 
by the taste panel against samples of recently cured 
ham. It is interesting to note, in Table 4, that the 
rehydrated freeze-dried samples stored at 70° F, were 
about as acceptable, flavorwise, as were the non- 
dehydrated ham samples held at O° F.; however, 
neither of these samples was rated as high in flavor 
desirability as the recently cured ham. From the 
standpoint of color, the freeze-dried samples stored 
at both 70° and 100° F. were decidedly inferior to 
those of frozen and recently cured ham. 

Stabilizers. It was believed that by dipping par- 
tially dried samples in solutions containing various 
stabilizers that some of the solution would penetrate 
into the porous structure and upon further drying 
would leave a protective coating on the dried exposed 
surfaces which would aid in retarding the developing 
rancidity and, perhaps, browning. 

Results of TBA determinations and the a/b ratios, 


TABLE 3 


The effect of moisture on the characteristics of freeze-dried ham stored for 22 weeks 


2 

% Intensity 
residual 
moisture 


Storage | No. of 


temperature samples Juiciness Rancidity 


70° F 14 4.4 4.7 5.4 
100° F 16 4.2 4.6 §.2 

0° F. 9 6.4 5.2 5.2 
70° F 30 6.3 4.7 5.6 
100° F 21 6.2 4.6 5.6 

0° F. ~ 8.1 4.9 3 
70° F 10 8.7 4.5 5.6 
100° F 11 8.6 1.4 5.2 
70° F 6 11.4 4.5 5.4 
100° F 10 11.1 41.5 5.5 


Desirability TBA a/b color % 
lai Color 535 ma ratio cehydration 
5.8 6.4 99 | 85.5 
5.5 5.9 50 96 83.6 
».6 ».7 50 1.06 90.3 
6.0 6.5 29 93 85.2 
5.2 5.4 238 95 85.7 
4.3 42 1.03 | 89.0 
§.7 5.9 27 89 84.9 
5.0 4.4 28 71 84.2 
5.4 4.9 31 .70 81.9 
5.3 4.5 24 85.4 
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TABLE 4 
Comparison of flavor panel scores of rehydrated freeze-dried ham with non-dehydrated frozen ham and recently cured ham 


Description of samples ' 


Juiciness Color 


reese dried 

Vac Pak, 206 wks. storage at 7 

Vac Pak, 20 wks. storage at 
Frozen non-dehydrated 

Vac Pak, 20 wks. storage at 
Recently cured ham 

(No storage) 


' Two samples per treatment. 


which are shown in Table 5, show that little effeet was 
derived from the stabilizers used. 

in other attempts to prolong the storage stability of 
freeze-dried ham, experiments were devised to deter- 
mine whether filling the drying chamber at the end 
of the drying period with inert gases, rather than with 
air, would have any beneficial effect upon the stability 
of the stored product. It was hypothesized that by 
infusing inert gas into the chamber while simultane- 
ously releasing the vacuum at the end of the drying 
cycle, some of the gas would enter into the pores of 
the meat and more or less be trapped and retained in 
place of air. If such were the case, then this scheme, 
plus packing under inert gas or vacuum, should help 
retard the developing rancidity by decreasing the 
amount of atmospheric oxygen coming into contact 
with the meat. Preliminary results show that lower 
TBA values were recorded for stored samples taken 
from loads that were removed from the drying cham- 
ber in the above manner than for the stored samples 
from loads in which air was inserted at the time of 
vacuum release. Although these differences were not 
statistically significant, the pattern of the values indi- 
cate that the infusion of an inert gas with simultane- 
ous releasing of the chamber vacuum had the tendency 
to exhibit some protective action; however, further 
work is needed in this area to determine the value of 
this procedure in long term storage. 

Rehydratability. During the long term storage 
study, considerable differences were noted between 
freeze-dried samples subjected to similar, if not con- 
stant, treatments and storage periods. Although 
attempts were made to maintain a degree of homoge- 
neity among the samples, the inherent differences 


TABLE 5 


Effect of stabilizers on the stability of freeze-dried ham stored 
under accelerated conditions to equal one year’s 
storage at 100° F. 
| % | a/b 
Residual | color 
moisture | ratio 


Treatment! 


. 0.5% low glucose corn starch 

2. 1.0% low glucose corn starch 
solution 

3. 1.0% low glucose corn starch 
+ 0.01% propyl gallate + 0.5% 
sodium isoascorbate solution... 
0.01% propyl gallate + 0.5% 
sodium isoascorbate solution... 
0.015% Santoquin in 95% 
ethanol solution 
Control.. 


| 
| 


' Kleven samples per treatment. 


Intensity Desirability 


Rancidity Color 


between certain muscles of a ham make it difficult to 
obtain a number of ideal homogeneous samples. There- 
fore, cured hams were boned and the muscles were 
segregated into the following four general groups for 
convenience: (1) semimembranosus; (2) biceps fe- 
moris; (3) semitendinosus; and (4) knuckle or tip 
mus¢les. All samples were precooked and freeze-dried 
via a constant and standard procedure. Samples were 
rehydrated by placing them in boiling water for 20 
minutes, after which they were evaluated by the 
trained taste panel. The results of this evaluation are 
listed in Table 6. 

The knuckle muscles absorbed 14 to 18% more 
water than did the other muscles; however, this mag- 
nitude of difference in rehydration did not seem to 
be detected to any great extent by the taste panel. 
Samples of rehydrated knuckle muscles were rated 


TABLE 6 


Rehydratability of freeze-dried ham samples from 
different muscles 


Intensity Desirability | % Rehy 


dration 


Muscle group! — 
| Juiciness Color | Flavor 


Semimembranosus................. oa 3. 7.4 
Semitendinosus 4. 6.9 
Biceps femoris... 3.! 6.6 
Knuckle or tip J 6.9 


‘Six samples per group. 


0.8 to 1 unit higher for juiciness than were the sem/- 
membranosus and biceps femoris muscles, respec- 
tively. Difference in the juiciness score between the 
knuckle muscle and the semitendinosus were nil. 

It was observed on a number of occasions that the 
rehydrated samples in which the muscle fibers lay 
parallel with the largest surface area were consider- 
ably drier and tougher than the samples having the 
fibers in a perpendicular position. Auerbach et al. (1) 
reported that perpendicular fibered freeze-dried beef 
samples had a significantly higher level of rehydra- 
tion than the samples having the muscle fibers parallel 
to the surface. Therefore, an experiment was carried 
out to determine the effect of the muscle fiber orienta- 
tion, per musele group, upon the rehydratability of 
freeze-dried ham. The results are shown in Table 7. 

In comparing the panel scores, it is interesting that 
there was little apparent difference between the per- 
pendicular and parallel fibered samples of the knuckle 
muscle, Although the perpendicular fibered samples 
of this muscle absorbed about 6% more water than 


12 

F 4.5 1.3 1.9 6.2 5.6 6.7 
F 14 3.5 3.2 5.7 3.4 5.2 

4.7 5.6 5.0 6.4 8.2 6.8 
; 5.6 5.6 5.4 6.6 8.0 

| 

Pere 

| 

| 6.6 | 52.3 
6.6 54.7 
had 6.3 50.8 
| 
| 6.8 69.1 

; 

| 

2.00 1.06 335 : 

2.40 | 1.15 331 

weal 2.17 1.02 347 
1.74 | 41.11 333 
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TABLE 7 


Effect of muscle fiber orientation on the rehydratability of 
freeze-dried ham samples from different muscles 
Desirability | % 


Rehy 
dration 


Orientation ! Intensity 


Muscle group 

of muscle fibers 

Semimembranosus | Parallel 3.6 5. ‘ | 64.7 
| Perpendicular 4.5 


Parallel 
> 
Perpendicular 


Semitendinosus 


Parallel 
Perpendicular 


Biceps femoria 


Knuckle or tip Parallel 


| Perpendicular 


! Two samples per fiber group. 


the samples having parallel iibers, the panel rated the 
latter as being juicier. The parallel fibered samples of 
the semitendinosus absorbed slightly more water than 
the perpendicular fibered samples; however, in this 
instance, the panel score for the parallel fibered sam- 
ples was 0.9 of a unit lower than that for the per- 
pendicular fibered samples. With the other two 
muscles, the perpendicular fibered samples absorbed 
more water and were rated juicier than those having 
the parallel fibers. Flavor desirability appears to be 
affected by the level of rehydration. Samples seored 
by the panel as being juicier (generally, the perpen- 
dicular fibered samples), were also scored higher in 
flavor desirability. Rehydratability is largely affected 
by structural interference, size of interfibral space 
(10), and also by the rate of swelling of the outer 
lavers of the meat (4). 

Another point of interest is that freeze-dried sam- 
ples vacuum rehydrated for 5 minutes in 120° F. water 
had an average rehydration level of 85.6% (135 
samples) as compared to an average of 66.5% (85 
samples) for those reconstituted without vacuum. 


SUMMARY 


Experiments were conducted in which (a) curing 
methods, (b) alteration and subsitution of curing in- 
gredients, (¢) time and temperature of curing and (d) 
precooking conditions were modified in an attempt to 
produce a ham possessing superior qualities to obtain 
freeze-dried samples having excellent storage stability 
properties. Results of these investigations failed to 
show increased stability beyond that which may be 
obtained with commercially cured hams used in these 
studies. 

Deterioration of freeze-dried ham during storage 
reflects directly upon the acceptability of the product. 


Color and flavor are the quality factors most adversely 


affected by storage at elevated temperatures. Stability 
of the stored samples is also affected by the moisture 
level. A combination of high moisture content and 
high storage temperature produced the most detri- 
mental changes. 


Results of studies reported here show that pack- 
aging the freeze-dried product in vacuumized cans 
has been superior to packaging in cans filled with 
nitrogen or carbon dioxide. Flavor panel results indi- 
cate that vacuum packed samples retained their ac- 
ceptability for 514 months when stored at 70° or 
100° F. 

Use of those stabilizers which have been tested 
appears to have little effect on prolonging the storage 
stability of freeze-dried ham. 

Rehydration results of different freeze-dried ham 
muscles indicate that the muscles do not possess an 
equal water absorption capacity. The knuckle or tip 
muscles show the highest level of rehydration. 

Rehydratability is also affected by the muscle fiber 
orientation. Freeze-dried samples having the muscle 
fibers in a perpendicular position to the largest sur- 
face area absorbed more water and were rated juicier 
than the samples having the parallel fibers. 
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A Gas Chromatographic Method for Determining 
Gases in the Headspace of Cans and 
Flexible Packages 


(Manuscript received June 17, 1959 


Tu PACKAGING OF FOOD MATERIAL, 
utilizing inert gases for the prevention of quality 
deterioration, has been practiced successfully for 
many years. Although it is generally agreed that the 
determination of the concentration of these gases is 
of extreme importance (2,4), no practical methods 
are available which encompass the wide range of 
packages one encounters. 

As is commonly known, the orsat method, generally 
used throughout the food industry, requires a large 
volume of sample, is time consuming, and, when 
reduced to a micro scale, becomes extremely compli- 
cated. Commercial oxygen analyzers require smaller 
sample volumes, but are limited to the analysis of 
oxygen. Gas chromatographic methods, however, re- 
quire less than 1 ml. of gas for satisfactory analysis, 
are extremely rapid, and quite versatile (1,3,5,7). 

The procedure used successfully for several months 
in our laboratory employs a simple sampling method 
which can be adapted to any container, followed by 
gas chromatographic analysis. 


APPARATUS 


Chromatographic equipment. Any conventional gas chroma 
tography apparatus may be used for this procedure. In our 
ease, a 10-foot, %4-inech O.D. stainless steel column is coiled 
helieally to fit a dewar flask (diam. 16% em.) which acts as 
an air bath stabilizing the column temperature. The cotumn 
is attached to a Gow Mae Instrument Company thermal con- 
duetivity unit. The bridge output signal from the detector is 
applied to an 0-10 mv strip chart recording potentiometer. 
The sample inlet is a rubber seal, which allows the use of a 
hypodermic syringe. Helium is used-as a earrier gas at a 
flow rate of 50 ml./min. 

For determining oxygen and nitrogen, the column is filled 
with Linde Molecular Sieves, Type 13X. Air and earbon 
dioxide may be determined by using a column packed with 
activated silica gel. Some workers arrange these columns in 
series with a suitable arrangement of valves and are able to 
analyze not only Ov, No, and CO, but several other gases in a 
single determination (38, 5,7). 

Can-piercing device. A Zahm Air Tester" was modified as 
follows: The pressure gauge was replaced by a metal socket ” 
(8 mm. long and 6 mm. diameter) into which a rubber seal” 
was inserted. Figure 1 illustrates this modified piercing device. 

Gas transferring syringe. A sta::dard 1 ml. syringe fitted with 
a small metal stopcock © and a No. 225%” hypodermic needle is 
adequate. Specifically, we have obtained bes* results with 
a Vim No, I-ml. syringe whieh has stainless stee! 

*Zahm and Nagel Company, Ine., Buffalo, N. Y. 

» Burrell Corporation, Pittsburgh, Pa.—Cat. No. 274-6. 

* Becton Dickinson & Company, Rutherford, N. J.—Cat. No. 
M501. 

*MacGregor Inst. Co. 


William H. Stahl, 
William A. Voelker and 
James H. Sullivan 


McCormick and Company, Inc., 
Baltimore 2, Maryland 


plunger. The joints connecting the syringe, stopeock and 
needle are eoated with a resin or heavy grease to avoid any 
possible gas leakage. The metal stopcock is only necessary for 
sampling vacuum packed containers. 


SAMPLING 


Flexible packages. A one-inch square of inner-tube pateh ma 
terial is glued to the package with rubber cement. When the 
cement has dried, a syringe is inserted through the patch 
without causing the package to tear or leak. The syringe, after 
being filled to the desired volume, is removed; the rubber 
patch reseals the hole and the package can be used for re 
sampling, if desired. The contents of the syringe are injected 
into the gas chromatography apparatus. 

Cans. The can-piercing device (Figure 1) is centered over the 
ean and a thin layer of grease is smeared on the ean at the 
spot where the rubber seal will make eontact. The device is 
lowered until a good seal is made between the rubber and the 
ean (A) but the can is not piereed. The needle valve (B) is 
connected to a water aspirator, the chamber evacuated to 


Figure 1. Modified can piercing device. 
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20 mm. Hg and the needle valve closed. The can is then 
pierced, a sample is removed with a syringe through the rubber 
seal (C) and injected into the gas chromatography apparatus. 

Vacuum packed containers. Any container which is under a 
vacuum may be sampled in a manner somewhat similar to that 
deseribed. It is necessary that the stopeock be attached to the 
end of the syringe. After the syringe has been filled, and 
before it is removed from the container, the stopcock is closed 
und the plunger allowed to slide down the syringe until the 
pressure is equalized. The syringe is removed from the con- 
tainer and the plunger pushed down until a slight positive 
pressure is attained inside the syringe. When the stopeock is 
opened, a small amount of sample is ejected from the syringe, 
displacing residual air which has colleeted in the needle, and 
the remaining sample is injected into the gas chromatography 
appa.atus, 

Calculations. The quantitative interpretation of the chro- 
matogram is based on the peak area, which can be measured 
in several ways (6). We prefer to multiply the peak height by 
the width at half height. Then: 

Area A 
— -X100=%A 
Area A+ Area B 


A typical chromatogram is shown in Figure 2. The oxygen 


analysis as obtained by this technique is always high by ap 
proximately 4% since argon is not separable from oxygen 
under these conditions. For example, a value of 4% oxygen 
as ealeulated from a chromategram is actually 3.84%. These 


== 

Figure 2. Typical gas chromatograms. 


calculations assume that the differences in the thermal con 
ductivities of the gases being analyzed are negligible as com- 
pared with that of the carrier gas. This assumption intro 
duces a slight error which can be corrected by calibrating the 
thermal conductivity cell (8,9). The experimenter can make 
these corrections, but it is our opinion that this type of aceu 
racy is not justified, since the measurement of flavor is de 
termined by subjective means: the taste panel. 


RESULTS AND DISCUSSION 


Analyses of standard oxygen-nitrogen mixtures ob- 
tained by both gas chromatographic and orsat methods 
are presented in Table 1. Although the precision of 
the two methods is about equal, the gas chromato- 
graphic method has greater accuracy. Moreover, the 


TABLE 1 
Comparative analysis 


% Oxygen 


Mass spectrometry! GC analysis? Orsat analysis? 


10.50 = 1.20 
4.17 + 0.07 
1.07 + 0.11 


8.98 8.91 + 0.10 
38.99 4.05 = 0.10 
0.97 1.05 = 0.04 


'The analytical standard 
2 Average of 4 determinations 


gas chromatographic analysis is completed in 7 min- 
utes with less than 0.5 ml. of sample, whereas the 
orsat method usually requires a minimum of 25 ml. 
of sample and takes longer than an hour for complete 
analysis. 

The results of experiments conducted to investi- 
gate the reproducibility of analysis upon repetitive 
resampling are shown in Table 2. The cans were 
placed on the piercing device, sampled and allowed 
to remain intact for 18 hours after which they were 
resampled. Flexible packages were sampled and re- 
sampled over the same period of time and in no case 
was any significant difference observed. Results in 
Table 2 are typical of many which have been obtained 
from all sorts of containers, including vacuum packed 
cans and packages. 


TABLE 2 
Per cent oxygen in dry powdered food products 


Time of 
sampling and 
resampling, 
hours 


Container 
Can, 608 x 906 0 
18 


Can, 603 x 700 0 
18 


Flexible package 0 
4%" x6%” 18 


SUMMARY 


A method for determining gases in the headspace 
of cans and flexible packages is given which allows 
analysis on not more than 0.5 ml. of gas, requires 7 
minutes per determination, can be run by a techni- 
cian, and is sufficiently accurate for the purpose 
intended. 
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Derivation of a New Formula for Computing 
Raw Tomato Juice Color from Objective 


Color Measurement’ 


(Manuscript received May 21, 1959) 


Coon IS PROBABLY the most use- 
ful single criterion for evaluating the quality of 
tomato fruit for processing. Thus, an aecurate deter- 
mination of the color of the fruit or a puree made 
therefrom is of prime benefit in assigning a quality 
grade. 

Numerous workers (1, 2,3, 4,5, 8, 12, 13) have pro- 
posed various color indices to define or characterize 
the color of raw or processed tomato juice and other 
commodities, 

Pomerantz, Goldblith and Proctor (12) and Robin- 
son et al. (13) specified color indices based on abridged 
spectrophotometry as well as tristimulus evaluation 
which they found best expressed the color of proe- 
essed tomato juice. 

Gould (4) suggested that a single-wavelength in- 
strument differentiated samples of tomato juice as to 
color. 

Younkin (78) pointed out the limitation of one- 
dimensional measurement and the validity of con- 
sideration of all 3 attributes of color specifications, 
hue, lightness and saturation.” He also pointed out 
that a color index that will separate one group of 


" Presented at the Nineteenth Annual Meeting of the Insti- 
tute of Food Technologists, May 20, 1959, Philadelphia, 
Pennsylvania. 

* Hue is that attribute of color associated with the sensation 
of redness, yellowness, blueness, ete. Lightness (or value) is 
associated with the brightness aspect of color and usually de- 
pends on the relative luminous flux transmitted or reflected by 
the colorant. Saturation (or chroma) is the attribute associ- 
ated with the strength of hue or freedom from admixture with 
white, grey, or black. 


John N. Yeatmen, 

Arthur P. Sidwell and 

Karl H. Norris 
Biological Sciences Branch, Agricul- 
tural Marketing Service, United States 
Department of Agriculture, Beltsville, 
Maryland 


samples may be inadequate for another group of 
samples if the index is limited to incomplete color 
characterization. 

MacGillivray (10) was one of the first to deseribe a 
color index based on the Munsell color system. 

Nickerson (11) later implemented the technique of 
disk colorimetry to a point where, in the case of to- 
mato product color evaluation, a series of Munsell 
disks was developed and specified for the various 
tomato products. Disk colorimetry is still widely used 
by the U. S. Department of Agriculture in the evalu- 
ation of the color of processed tomato products. 

In 1948, Hunter (6) reported a photoelectric color- 
difference meter that measured color by the use of 
3 filters approximating the X, Y, and Z functions of 
the C.L.E. system. His Color and Color-Difference 
Meter represented a departure from usual colorim- 
eters as it afforded data in a form closely reijated 
to the spacing of the Munsell system. 

Yeatman and Sidwell (17) reported developmental 
research by the U. S. Department of Agriculture in 
connection with the use of the Munsell disks for raw 
tomato juice visual scoring and the relationship of 
various objective color measurements with these vis- 
ual scores. In studies conducted in 1956 (17), it was 
reported that observers may differ materially in their 
judgment of samples of raw tomato juice. To some 
observers, lightness might be the primary aspect of 
color to be judged. On the other hand, hue and satu- 
ration may be considered to be most indicative of 
differences between samples to certain other observers. 
However, the normal observer sees color in its 3- 
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FORMULA FOR COMPUTING TOMATO JUICE COLOR 


dimensional aspects of hue, lightness, and saturation. 

The close relationship of the Munsell color space 
and the Hunter-chromaticity diagram made these two 
systems especially applicable for use in the region 
and specification of raw tomato juice color in the 
present work. 

Any tomato-color index that may be adopted for 
general use should be sufficiently versatile to indicate 
differences between samples of purees derived from 
fruits ripened under a wide variety of conditions which 
cause substantial differences in color specification 

The derivation of a new formula for computing 
raw tomato juice color, its development and substan- 
tiating theory,.is the subject of this paper. 


EXPERIMENTAL 


Experienced personnel trained in raw tomato inspection or 
tomato-juice grading evaluated raw tomato juice samples using 
standardized Macbeth-Munsell Disk Colorimeters.® (Figure 1). 
All of the observers visually scored the individual samples 
under standardized conditions of daylight illumination pro 
vided by the disk colorimeter and at 45° angle of viewing with 
neident light perpendicular to the viewing surface. Each of 
the observers had passed the Inter-Society Color Couneil Color- 
Aptitude Test, the Glenn Color Rule Test, and the Ishihara 
Color Blindness Test showing them to be acceptable subjects 
for this work. 

All visual color scorings were made with the guidance of a 
series of carefully prepared Munsell disks having regularly 
spaced color attributes of hue, lightness, and saturation in the 
region of raw tomato juice color. Munsell renotations for the 
disks are shown in Table 1. Hunter L, an and br values for 
respective disks are included. 

These disks were prepared similarly to those deseribed by 
Wilson and Dever (75), but corrected for regularity of the 
3 eolor attributes. Arbitrary values from 10 to 30 in inere 
ments of 5 units were ass'gned the disks. The respeetive color 
specifications of the 10 and 20 disks have close relationship to 
minimum U. 8S. No. 2 color tomatoes and minimum U. 8. No. 1 
color tomatoes as specified in the U. S. Standards for the Manu 
facture of Strained Tomato Products (14). 

A series of 5 disks was used in experiments conducted dur- 
ing the first year of the work (1958), and direet-comparison 
mateh, interpolation or extrapolation could be mate hetween 
disks and samples in assigning visual seores. A series of 7 
disks was used during the second year of work (1959). The 
additional 2 disks were assigned values of 5 and 35 seore value, 
respectively, to extend the range in color space afforded by 
these disks, thus avoiding extrapolation 

The raw tomato juice samples were prepared from frozen 
whole tomatoes of 3 varieties-—Roma, Rutgers, and Garden 
State. Tomatoes of each variety were selected at harvest for 
freedom from defects, segregated according to low, medium 
and high color, then frozen immediately at 10° F. Fruit 
prepared in such a manner have been held at —10° F, for as 
long as 1% years with good color retention. Tomato juice 
processed from frozen whole tomatoes has been found to be 
highly acceptable by taste panel evaluation (76). 

The samples were prepared by first thawing the frozen fruit 
then extracting them with a laboratory-type Enterprise Meat 
and Food Chopper with a juice attachment having a .034-ineh 
mesh sereen. Blends of the extracted samples were made to 
achieve a wide gamut in color space, but not beyond the range 
of tomato juice colors commonly encountered. All samples 
were kept in cups in an ice bath or in viewing cups in a 
refrigerator at approximately 40° F. throughout each test. 

Objective color measurements were made on all juice samples 
with the Gardner Automatie Color and Color-Differenee Meter 

* Mention of this or other commercially manufactured instru 
ments does not constitute endorsement or recommendation by 
the U. S. Department of Agriculture. 


in terms of C.I.E. trichromatic coefficients of X, Y, and Z and 
Hunter L, az and br. Tomato-red ceramic tiles used to stand- 
ardize the Color and Color-Difference Meter in 1958 and 1959 
had assigned C.I.E. values of X 10.9, Y 7.0, and Z 2.5; 
and X oa ¥ 6.1, and Z 2.3, respectively. Hunter values 
were L = 26.5, ay 26.9 and bi 12.9; and L = 24.7, at = 24.2 
and br 11.7, respectively, for the 2 tiles. Assigned coefficents 
were based on values derived from complete spectrophotometrie 
reflectance curves made on G. E. Recording Spectrophotometers. 

An abridged spectrophotometer, the IDL-Color Eye, was 
also used to characterize all samples in terms of spectral- 
reflectance curves relative to a white vitrolite standard eali- 
brated in terms of MgO. 

In a typical experiment the juice samples were prepared 
and their color measured objectively with the various instru- 
ments and the results recorded. The individual observers then 
scored each juice sample in the manner prescribed. At no time 
did the observers have knowledge of the results of objective 
color measurements. Visual scores were then compared to and 
correlated with the objective color readings. From 3 to 6 
observers participated in each of the experiments. 

Statistical methods were those of Li (9). All correlations 
are significant at the 0.01 level unless otherwise indicated. 


RESULTS AND DISCUSSION 


It does not seem practicable to relate the detailed 
results of all the experiments. Therefore, we select 
one of the experiments of the 1958 studies as repre- 
sentative. This is Experiment 4 in these tests. 

When the color readings of the samples in this ex- 
periment were plotted in Hunter-Munsell color space, 
a rough triangle was created. Figure 2 is a graphic 
representation of the array of the samples in Experi- 
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Figure 1. Standardized Macbeth-Munsell Disk Colorimeter and 
Munsell disks used in visual scoring of raw tomato juice color, 
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TABLE 1 
Specifications of Munsell disks for raw tomato juice, 1958-59 


Munsell components in percent * Munsell | Hunter 
renotation 
for mixture 


Score 


76/9.75 | 3.56 35.20 10.99 

92/9.5 89 334.96 

( a 25.63 | 382.71 
31.81 

28.22 

f 23.89 


8! 


3. 
3. 
3. 
3. 
3. 


| 
| 24.05 


| 


‘Munsell renotations for components: Ri = 7.2R 2.06/7.7; 2.18/12.0; Ra = 7.4K 2.92/9.5; YR = 3.0YR 5.14/11.2; N1 = N 0.50/PB0.4; 
N4 = N 4.05/BG0.05, The C.1.E. specifications for the components are: (Ri): X= .0580, Y= .0329, Z=.0185; (Re): X= .1260, Y= .0645, 
Z 0130; (Rs): X 1081, ¥ 0620, Z= .0230; (YR): X= .2842, Y = .2101, Z 0402; (N1): X = .0057, Y — .0058, Z — .0086; (N4): X= 
1206, Y 1235, Z 1467, respectively 

* Disks added in 1959 to extend scale in color space thus avoiding extrapolation 


ment 4. This triangle ACB must be visualized in 3- TABLE 2 

dimensional aspect as it is plotted at Munsell-value Hunter tristimulus values and visual scores for samples 
% level. Samples as high as value 3.3 and as low as 2.5 in Experiment 4, 1958 
actually occurred. 

The relative positions of the regular Munsell disks 
used to guide the observers’ decisions in scoring are 
also shown in Figure 2. Here again, the positions of 
the disks are plotted at value 3 level, but they should 
be visualized in 3-dimensional space. 

The triangle ioci represent Hunter L values from 
21.9, 28.3, and 27.0; and a,/by, ratios of 2.39, 1.38, and 
1.97, respectively. Along the side CB of the triangle, 
essentially only hue and saturation changes occur 
with only slight lightness change. Along the side BA, 
lightness and saturation changes predominate. Along 
the side AC, there are changes in hue and lightness, 
with only slight saturation change. The respective L, 
a,/by ratios and average visual scores for the sam- 
ples studied in Experiment 4 are shown in Table 2. 

Although a number of color samples in this array 
and in other experiments had nearly iden ical Hun- 
ter L values and others had nearly identical a;/by, 
ratios, the observers did not assign score values for 
like samples on this basis. It became apparent that the 


Sample L 


bo 
to & 


. ¢ 


ic & 
te 


observers were weighing their scores, in some way, by 
a more complete definition of the color of the samples 
than that afforded by Hunter L or a,/b;, ratio alone. 
Only when the full significance of the positions of the 
samples in 3-dimensional color space was considered, 
did it become possible to arrive at an improved 
relationship. 

Various manipulations of the color attributes de- 
fined by Hunter L, ay, and by were then tried in an 
attempt to combine them in an appropriate relation- 
ship that would give the highest correlation with 
visual evaluation. Of the numerous combinations 


attempted the ratio “ was the most fruitful. As noted 
4 


in Table 3 and Figure 2, this ratio served to differenti- 
ate among scores alongside AC fairly well, side CB 
less well, whereas the large differences in scores along- 
ay 
side BA were not adequately accounted for by the — 


ratio. 

The ay,/b;, ratios for samples along this side BA 
were again reviewed (Table 3). The progression of 
this ratio was seen to account partially for the large 
differences in scores but not adequately. A further 
study of the trigonometric positions of the samples 
on this triangle then indicated that their distance from 
the origin of the a, and by, ordinates might serve as 
rT) an index of differentiation. This distance (ay? + b,?) 

is the Index of Saturation frequently used in color 

Figure 2. Representation of the array of raw tomato juice technology (7). By inserting the reciprocal of this 
samples in Experiment 4 as a triangle ACB in Hunter-Munsell a 1 
color space. Designated hue and chroma lines, as well as samples, Index, the formula — x ————__ was derived. 
are plotted at Munsell value 3 level. L (az? + by?) * 
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TABLE 3 


Relative changes in color dimensions of samples in Hunter-Munsell color space ’ 


| 


Triangle a, /L Visual 
position 7 score 
1.04 27 1.9 
90 22 | 23.0 
85 18 | 24.5 
81 16 25.3 
70 ~ | 28.3 
79 13 27.5 
.83 13 27.4 
87 14 27.2 
15 27.0 


Side BA...... 97 15 27.0 
-98 18 24.8 

99 19 24.4 

99 24 23.2 

1.04 27 21.9 


' See Figure 2 for graphic representation. 


This formula was then applied to all 58 samples of 
the 1958 studies and the correlation coefficient between 
the average of the visual scores and the formula was 
0.97; the correlation of visual scores with Hunter L 
and a,/by ratios was ~--0.93 and 0.94, respectively. 
Thus, the use of the combined formula was seen to 
result in substantial improvement. 

The above empirical formula was simplified to 
cos ay 


——, where cos 6 equals —-.——-,—— and @ is the 
j (az? + by?) * 


included angle in the a, and by, plot fo" a specific 

sample (figure 2). Multiplication of this formula by 

2000 brings the values into a more destrable range 

for an index (from 57.4 to 84.2 for the samples in 
P 2000 cos 6 

Table 3). This combined formula —————— was then 


4 
designated the T.C. (tomato color) index. 

This work was repeated in 1959 with another group 
of trained observers. The calculation of correlation 
coefficients for the individual visual scores of all 
observers’ versus Hunter L, a,/b, and T.C., substan- 
tiated the findings in 1958 (Table 4). 

An algebraic identity of the formula T.C.= 
2000 cos 6 
aes may also be expressed in terms of C.L.E. 
trichromatic coefficients as follows: 

216 _ 30 | 


T.C.= 


where X,, Y, and Z, are the usual trichromatie re- 
flectance values for illuminant C. This formula was 
found to provide a more practicable basis for develop- 
ment of a new instrument to compute the T.C. index 


2000 cos 6 
than —————_ 


As the result of this research, an instrument was 
developed to measure raw tomato juice color by tri- 
stimulus colorimetry and automatically compute this 
index by appropriate analog circuitry. This instru- 
— was used in the 1959 experiments. This new 
instrument called the Tomato Colorimeter was de- 
signed to be rugged and simple to operate. It is to be 
used to measure objectively, the color factor in the 


2000 cos 6 


ay, b, a, /b, (a,? + b, | 
22.8 9.5 2.39 24.5 84.2 
20.8 9.8 2.13 23.0 78.7 
20.8 11.3 1.84 23.6 71.8 
20.4 11.9 1.72 23.6 68.4 
19.9 14.4 1.39 24.5 57.4 
19.9 14.4 1.39 24.5 57.4 
21.9 13.6 1.61 25.8 | 62.0 
22.8 13.4 1.71 26.4 63.1 
23.7 13.1 1.82 27.1 | 64.6 
26.3 13.3 1.97 29.4 66.1 


26.3 13.8 1.97 29.4 66.1 
24.4 11.9 2.05 27.1 72.4 
24.2 11.5 2. 26.8 
22.9 9.7 2. 24.8 
22.8 9.5 2 24.5 


TABLE 4 


Comparison of the coefficients of correlation (r) for the visual 
scores of various observers with instrument readings, 


1958-1959 
1958 
Repreduc = Hunter | 2000 cos ® 

Observer Vility 2 Hunter L* | L 
0.95 0.92 | 094 | 0.95 
94 84 .90 92 
94 —.91 92 | 95 
87 87 91 | 91 
D.B 92 94 56 95 

1959 
96 83 -92 04 
E.B 95 91 04 
G.B 93 90 | 04 
90 87 | | 92 


‘The correlation coefficients reported in this table were obtained 
treating each observation individually. 

2“ of comparison between visual scores assigned to duplicate sam 
ples, n 20; n ca, 80 in 1958 and 1959, respectively 

tn 40, in 1958; n variable in 1959 but >157 in all cases. 


demonstration of a new modified inspection procedure 
for raw tomatoes for processing (Figure 3). 


SUMMARY 


The derivation of a new formula for computing 
raw tomato juice color from objective color measure- 
ment is deseribed. 

Carefully prepared Munsell disks having regularly 
spaced color attributes of hue, lightness and satura- 
tion in the region of raw tomato juicé colors were used 
by trained observers as guides in visual scoring of 
the samples. 

Visual color scores and instrument evaluations were 
determined for juice samples covering a wide gamut 
of color in Hunter-Munsell color space. Only when 
the 3-dimensional positions of the color readings of 
the juice samples in this system were visualized in 
relationship to the color scores, did it become possible 
to derive the formula which would best relate instru- 
ment evaluations with visual color scores. 


2000 cos 6 
— named the T.C. 
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The empirical formula 


index, computed from objective color measurement of 
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Figure 3. Tomato Colorimeter (developed by U. S. Depart- 
ment of Agriculture and Hunter Associates, Incorporated, 
McLean, Virginia). 


a wide gamut of samples in the region of tomato color 
in Hunter-Munsell color space, was found to weight 
appropriately the Hunter color values to correlate 
best with visual scores assigned by trained observers. 

A rugged tristimulus photoelectrie instrument has 
been constructed to measure the designated T.C. index. 
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Microorganisms Associated with Spoilage of 
Refrigerated Poultry: 


(Manuscript received June 26, 1959) 


S.veum BY AYRES et al. (1) 
strongly implicated bacteria of the genus Pseudo- 
monas as the chief cause of spoilage of chilled, evis- 
cerated poultry meat. Since that time several changes 
have taken place in the processing and marketing of 
poultry. For example, now it is much more common 
to eviscerate the birds immediately after slaughter 
and defeathering. In addition, chickens are being 
processed in widely different paris of the country and 
shipped in chipped ice long distances to market. Also 
the antibiotics, chlortetracycline and oxytetracycline, 
frequently are used in the ice slush used for chilling 
the freshly dressed birds. Finally, cutting-up opera- 
tions are heavily concentrated in the retail markets 
instead of in the processing plants. 

Some changes have been made during the past few 
years in the taxonomic scheme for classification of 
bacteria (3). These might conceivably affect the dis- 
tribution of genera to which the spoilage organisms 
would be assigned. Also Shewan et al. (7) reported 
that oxytetracycline inhibited the growth of non- 
pigmented Pseudomonas organisms, but not the pig- 
mented species. This observation suggests that anti- 
biotic sensitivity might be used as an additional 
criterion for more precise classification of these 
organisms. It also implies that the pigmented Pseudo- 
monas species would be the ones causing spoilage of 
birds treated with the tetracyclines. 

The present investigation was undertaken to deter- 
mine the types of bacteria associated with the spoilage 
of chilled poultry under present conditions of process- 
ing and marketing, as well as the possible influence of 
geographical location of processing facilities, location 
of cutting-up operations, and the use of antibiotics. 


EXPERIMENTAL METHODS 


Cultures were isolated from ecut-up, tray-packed fryers pur 
chased in retail markets in the Sacramento, California area. 
The birds were deliberately stored for seven days (from the 
date of purchase) at 4.4°C. (40° F.) before sampling. This 
cumbination of time and temperature had been found to be 
sufficient to result in typical spoilage. Eugonagar plates 
streaked from dilutions of swab samples taken from the birds 
were incubated at 4.4° C. (40° F.) for 7 days. Isolations were 
made from the predominant colony type obtained after re- 
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streaking twice on Eugonagar. These isolates were then main 
tained on nutrient agar slants also kept at 4.4° C, (40° F.). 

Morphology, motility and flagellation. Observations for mo 
tility and cell morphology were made with the phase microscope 
using wet mounts prepared from growth on moist nutrient 
agar slants incubated at 20° C, (68° F.) for 12-24 hours, All 
cultures were stained for flagella by the method of Leifson (6). 
Cell morphology also was observed on Gram-stained prepara 
tions. 

Diffusible pigments. Giant colonies, grown on medium B of 
King et al. (5), ineubated at 20° C, (68° F.) were observed 
daily over a seven-day period for production of diffusible 
pigments. 

Growth at 37°C. (98.6° F.). The appearance of turbidity 
within two days in inoculated tubes of nutrient broth was con- 
sidered as positive for growth of cultures at this temperature. 

Biochemical reactions. The isolates were differentiated further 
on the basis of their activity in litmus milk, glucose broth, and 
on gelatin stabs. The gelatin tubes were incubated at 20° C, 
(68° F.) and observed up to 35 days for evidence of liquefae- 
tion. The glucose and litmus milk tubes were incubated at room 
temperature. Brom-cresol purple (0.04% w/v) was added to 
the glucose medium as an acid indicator. Unless otherwise indi- 
cated, the procedures used for these tests were those found in 
the Manual of Microbiological Vethods (9). 

Sensitivity to antibiotics. Sensitivity to penicillin and oxy 
tetracycline was determined by the pad-plate technique. Two 
hundredths of a ml. of an aqueous solution containing the 
desired coneentration of penicillin G” or oxytetracyeline © was 
added to a 12.7 mm, sterile pad. Otherwise, the tests were per 
formed as described by Shewan et al. (7). 


RESULTS AND DISCUSSION 


Two morphological types predominated among the 
103 cultures isolated. The first group of 90 isolates, 
typical of the genus Pseudomonas, ranged from coe- 
coid through medium to long rods. Their cells usually 
occurred singly or in pairs. The variation in mor- 
phology within a given isolate was often so great as to 
suggest a mixture rather than a pure type. However, 
extensive replating established that such variable cell 
morphology was normal for the isolates in question. 

Eighty-six of the cultures were motile rods, all of 
which were polarly flagellated. One of these motile 
types produced acid and gas from glucose but did not 
ferment lactose. This latter culture was allocated to 
the genus Aeromonas. The remaining 85 cultures were 
classified as typical members of the genus Pseudo- 
monas. 
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TABLE 1 
Some characteristics of the cul 


Motility (irowth at 37° 
Genus 
No. + No. + | Jo + 
1 
100 


Preudomonaa. 

ieromonaa.. 

Achromobhacter 
Alealigenes 


Totals 


| 
Total 


isolates 


| 
Non- pigmented Pseudomonas... 
Fluorescent Paeudomonas.... 
Aeromonas 
Achromobacter-Alcealigenes 


Totals... 


1 Number of isolates sensitive to the antibiotic. 
2 Per cent of isolates sensitive to the antibiotic. 


On the basis of morphology, resistance to penicillin, 
acid production from glucose and development of 
fluorescent pigment, three of the non-motile cultures 
were also classified as members of the genus Pseudo- 
monas. The other non-motile culture produced acid 
and gas from glucose but not from lactose and was 
insensitive to penicillin and terramycin. This latter 
organism might have been classified either as an 
Acromonas or as a member of the Enterobacteriaceae. 
The present authors chose to call it an Aeromonas 
type because of its similarity to the motile Aeromonas 
above. 

The other morphological type (13 cultures) was 
characterized as Gram-variable, short, plump rods oc- 
curring singly, in pairs or chains. This morphological 
group always was non-motile and was easily differen- 
tiated from the Pseudomonas cultures. These cultures 
biochemically were relatively inactive. They did not 
liquefy gelatin and 12 of the 13 did not produce acid 
from glucose but instead only produced islets or a 
ring of growth on the surface of the medium. Litmus 
milk was turned slightly acid by nine of these cultures 
whereas the remaining four isolates produced an alka- 
line reaction. Without question these organisms be- 
long to either the genus Achromobacter or the genus 
Alealigenes, so they will be referred to as the Achromo- 
bacter-Alcaligenes group in the following discussion. 

Table 1 summarizes some of the morphological and 
biochemical characteristics of the spoilage organisms 
investigated in the present study. These taxonomic 
results corroborate and extend those of Ayres et al. 
(1). It is evident that the Pseudomonas species are 
the most common type of bacteria associated with the 
spoilage of chilled, eviscerated chicken. Aeromonas 
and members of the Achromobacter-Alcaligenes group 
represent only a minor portion of the bacteria present 
at time of spoilage of properly chilled poultry meat. 

The results on sensitivity of the cultures to terra- 
myein and penicillin are given in Table 2. It was neces- 
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Terramycin 10¥ 


No.! 


Glucose | 


Gelatin 


| Fluorescent 
| liquefaction 


pigment 


76 
100 


67 | 


Penicillin 


10 units 
No.* | 


sary to use a concentration of 10 units of penicillin to 
inhibit most of the organisms in the Achromobacter- 
Alcaligenes group. In contrast only two of the Pseu- 
domonas and none of the Aeromonas cultures were 
sensitive to 10 units of penicillin. Peculiarly enough, 
a fair proportion of both the non-pigmented and 
fluorescent Pseudomonas isolates were sensitive to 10 y 
of oxytetracycline. These results are not consistent 
with those reported by Shewan ef al. (7) who dif- 
ferentiated the pigmented from the non-pigmented 
Pseudomonas species on the basis of their sensitivity 
to this antibiotic. These workers also claimed that 
Achromobacter species were sensitive to oxytetra- 
cycline. However, only a portion of the cultures of 
this latter group investigated in the present study 
were sensitive. 

Table 3 shows the distribution of genera according 
to whether the birds had been processed in California 
or elsewhere. No significant differences were noted. 
Of the 33 birds processed in other states, 19 came from 
Alabama, 9 from Georgia, 3 from Arkansas and one 
each from Louisiana and Mississippi. 


TABLE 3 
Generic distribution of cultures isolated from spoiled poultry 


From 
other states 


From 


Genus California 


Pseudomonas. 
Aeromonas 
Achromobacter-Alcaligenes group.. 


Totals 

The influence of antibiotic treatment (according to 
label declaration) on the distribution of genera of 
spoilage organisms is shown in Table 4. No significant 
differences were found. This observation corroborates 
those of Ayres et al. (2) and Simpson et al. (8). 
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TABLE 4 
Generic distribution of cultures from spoiled, antibiotic treated 
and untreated poultry 


Pseudomonas 5 86 
Aeromonas 1 
Achromobacter-Alcaligenes 13 
Totals. 


TABLE 5 
Generic distribution of cultures from store and processing 
plant wrapped poultry 


Processing 
plant 


Table 5 presents the data on distribution of genera 
as affected by location of the ecutting-up operation. 
Again no significant differences were noted. 

The possibility existed that the types of bacteria 
recovered from the spoiled birds might have been 
influenced by the rather variable time between slaugh- 
ter and sampling for it is conceivable that organisms 
actually responsible for spoilage of the poultry meat 
could have been overgrown by other microorganisms. 
However, as shown in Table 6, the distribution of 


TABLE 6 


Generic distribution of cultures as related to days elapsed between 
slaughter and purchase of poultry 


Number of days between slaughter 
and purchase (range)' 
Genus 1-3 4-6 | 7-14 
Number of cultures 

Pseudomonas 3: 31 
Aeromonas. | 0 1 
Achromobacter-Alealigenes | i | 3 | 4 
4 


1 After purchase all birds were stored for 7 days at 40° F, (4 C.) 
kinds of spoilage organisms was remarkably similar 
regardless of the number of days between slaughter 
and purchase of the birds. Since the laboratory incu- 
bation time and temperature were constant (7 days at 
40° F., 4.4°C.) and the birds presumably were not 
spoiled at time of purchase it would seem logical to 
believe that the genera encountered here are the most 
important ones to be associated with spoilage of 
refrigerated poultry meat. 

The isolation of Aeromonas species is of interest 
since these organisms are facultative anaerobes. [This 
genus has already been reported to occur on refriger- 


ated beef by Brown & Weidemann: (4)]. Thus they 
could be expected to be important in spoilage where 
oxygen impervious packaging material is being used. 
One such packaging material (Cryovac) is available 
but is seldom used for chilled poultry. It would be 
interesting to see whether the species would actualiy 
assume a major role in the spoilage of pouitry packed 
in this material. 
SUMMARY 

One hundred and three cultures were isolated from 
chilled, cut-up fryers which had been allowed to spoil 
at 4.4° C, (40° F.). Eighty-eight of the cultures were 
allocated to the genus Pseudomonas. Two additional 
cultures were classified as members of the genus Aero- 
monas. The remaining thirteen cultures were assigned 
to the Achromobacter-Alcaligenes group without any 
attempt being made to place them specifically in either 
genus. 

The use of oxytetracycline as an aid in more precise 
classification of the Pseudomonas species from spoiled 
poultry was found to be of little value. Penicillin 
sensitivity also was not completely reliable for dif- 
ferentiation between the Achromobacter-Alcaligenes 
group and members of the genus Pseudomonas. 

The geographical location of processing facilities, 
location of cutting-up operations, and the use of anti- 
biotics had no influence on the distribution of genera 
of spoilage brganisms investigated in this study. 
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Radiation Preservation of Milk. X. 
Studies on the Radiation Induced Gelation of Concentrated 
Milk. Methods, and Effect of Some Additives ”° 


(Manuscript received May 21, 1959) 


Wie MILK IS EXPOSED to ionizing 
energy it undergoes changes which have been pre- 
viously described (7, 2, 8). 

Storage studies (2) have shown that concentrated, 
irradiated milk stored at room temperature or higher 
has a marked tendeney to gel. la milk of normal con- 
centration, or in concentrated milk stored under re- 
frigeration, gelation is not as apparent. Preliminary 
studies have indicated that the addition of different 
inorganie salts to milk had a noticeable effect on the 
‘*velling time’’ of milk in storage. It was, therefore, 
believed that a systematic study of such additives 
might vield information leading to a reduction or 
elimination of the problem of gelation. It would also 
be of interest to find out whether the gelation of ir- 
radiated milk bears any relation to the gelation 
phenomena observed in heat-processed milk. 

This paper describes the methods used in the study 
of the radiation induced gelation and the effect of 
some additives. 


EXPERIMENTAL 


Milk. Commercial grade A pasteurized and homogenized milk 
was concentrated under reduced pressure (temperature 30° C.) 
to a finel coneentration of approximately 36% total solids con 
tent, concentrated 3:1. The concentrated milk was kept at re- 
frigeration temperature (5° C.) when not utilized immediately. 

Radiation source. A General Electric 1 MEV Resonast Trans- 
former was used as the radiation source. All the samples were 
given a dose of 2 megarad, which was sufficient to completely 
sterilize the milk, 

Irradiation and storage of samples, The utilizable penetration 
of 1000 KVP electrons produeed by the Resonant Transformer 
in milk is only about 2.5 mm, Since this penetration restricts 
the physical shape of samples to be irradiated, as well as the 
amount of sample available for the estimation of gel strength, 
“a special technique had to be developed. The adopted technique 
required only a limited amount of milk for each determination 
of gel strength and yet was reproducible to the extent of ren- 
dering comparative studies possible. 

Melting point eapillary tubes (Kimax biand), 10 em. long, 
were filled with sufficient milk to give a milk column 4 em. long. 
The ends of the filled tubes were covered with a small amount 
of cotton. The tubes were put into individual polyethylene bags 
that were heat-sealed and then irradiated in a horizontal posi- 
tion on the conveyor belt transversing the electron beam. The 
irradiated tubes were stored at 37° C. in an atmosphere satu- 
rated with water vapor (Figure 1). The temperature of 37° C. 
was chosen in order to give a relatively rapid gel development. 
Results obtained at 37°C. could be correlated with those at 
lower temperatures (2). 
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Figure 1. Irradiated tubes. 


Estimation of gel strength. The samples were inspected periodi 
eally for presence of flow when put in a slanting position, and, 
it they appeared to be gelled (no flow), the gel strength was 
estimated by reeording the gas pressure needed to break the 
gel, thereby forcing the gelled milk out of the capillary tube. 
Satisfactory reproducibility was obtained for the first part of 
the curve of gel strength as a function of storage time (in 
which gel strength is increasing), provided that the outside 
diameter of the tubes was uniform within +.0125 mm. 

Heat treatment of irradiated milk. It was observed at the out 
set of this investigation that irradiated concentrated milk gels 
when heated in a boiling water bath. It seemed to be of interest 
to investigate whether the heat-induced gelation of irradiated 
milk would respond to the additives in a similar way as the 
gelation observed when irradiated milk is stored for a length 
of time. 

The milk was therefore heated in open eapillary tubes with 
out cotton plugs at 90°C. At this temperature the rate of 
gelation is sufficiently rapid to prevent drying out. At tempera- 
tures closer to the boiling point there is a danger of gel dis- 
ruption by the development of gas bubbles. A stable tempera- 
ture of 90° C. was obtained by boiling an azeotropie mixture of 
isobutanol and water in a copper container as illustrated in 
Figure 2. The tubes are heated in an air chamber which is 
completely surrounded by the boiling liquid. Two small water 
baths and a hinged door tend to prevent evaporation of water 
from the exposed surfaces of the milk. Gel strength was esti- 
mated in the same way as for the stored samples. Satisfactory 
reproducibility was obtained when the heated samples were 
cooled to 0° C. for 30 minutes before making measurements of 
the gas pressure required to break the gel. 

Additives. Analytical grade chemicals were used throughout. 
Additions were made, before irradiation, from relatively cen- 
centrated aqueous stock solutions of the particular additives. 
All the samples in one series were adjusted to the same total 
solids content by the addition of water. The meta! ions were 
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Figure 2. Copper containers for heating tubes. 


added as chlorides. The coneentrations of added ions are in 
Figures 3, 4 and 5 expressed as milliequivalents per liter of 
concentrated milk. 


RESULTS AND DISCUSSION 


The answers to two questions were sought in this 
investigation. The first was concerned with the effect 
of additives on the radiation-induced gelation and the 
possibility of delaying or preventing the occurrence 
of the gelation in storage. The second question was 
concerned with the relation, if any, of the radiation- 
induced gelation to the gelation phenomena observed 
in heat processe 1 milk. 

The effect of addition of varying quantities of 
sodium diphosphate and sodium citrate on the de- 
velopment of gel in irradiated milk on storage is illus- 
trated in Figure 3. These additives appear to enhance 
the rate of gel formation and also cause an increase 
in the gel strength. 

The gel strength, as a function of time, tends to 
approach a maximum, after which the gel strength 
readings tend to become erratic. Only the first por- 
tion of the curve could therefore be presented graphi- 
cally. The maxima are probably connected with the 
onset of syneresis and flocculation. 

The effect of the addition of several metal salts on 
the development of gel strength as a function of time 
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Figure 3. Effect of additives on gelations in storage of irradi- 
ated milk. 


of storage at 37° C. is shown in Figure 4. Calcium 
ions at the concentrations used do not significantly 
affect gel formation. The effect of magnesium ions is 
pronounced and at low concentrations significantly 
increases gelling time and reduces gel strength. The 
effect of manganese ions is even more pronounced and, 
at a concentration of 20 milliequivalents per liter of 
concentrated milk, completely prevented gel formation 
with no indication of viscosity changes for the dura- 
tion of the experiment (60 days). As no gel was 
formed, these observations do not appear in Figure 4. 

The effects noted in Figures 3 and 4 are contrary to 
the effects of these additives in the most common cases 
of normally processed heat-treated (240° F. for 20 
minutes) concentrated milk (unirradiated). It is well 
known [see for instance (4)| that such milks tend to 
gel and that citrate or phosphate is added in most 
cases in order to delay this development, while the 
addition of Ca** has an adverse effect. The effects of 
these additives in irradiated milks, which have been 
brought to gel by a heat treatment at 90° C., seem to 
parallel the effects just mentioned. The gel formation 
is affected by the addition of citrate and phosphate 
to yield a reduced rate of gel strength development 
(Figure 5). Addition of calcium causes, on the other 
hand, a marked increase of this rate. No significant 
effect on the gelling time was found. 

Unirradiated milk does not gel under these condi- 
tions even after prolonged heating periods. 

The experimental results suggest that the mecha- 
nisms underlying the two phenomena are different. 
The irradiation has, in some unknown manner, dis- 
turbed the finherent stability of the casein micelles. 
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Figure 4. Effect of metal salts on gelation in storage of 
irradiated milk. 
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Figure 5. Effect of additives on heat induced gelation of 
irradiated milk. 


The lability produced is then manifested in different 
ways, depending on the further treatment given to the 
milk. Heat may cause a massive disruption of hy- 
drogen bonds resulting in the collapse of the strue- 
ture of the micelle system and produces a gross coagu- 
lation of protein. This development is not appreciably 
affected by additives, that is, it is mostly dependent 
on the energy input. The resulting gel structure, 
however, may be somewhat influenced by such addi- 
tives. Storage gelation seems, on the other hand, to 
come about through a disturbance of the electrostatic 
balance of the micellar system that has occurred due 
to irradiation, and is easily influenced by changes in 
the ionie composition of the milk. 

The sites at which the disturbances have occurred 
are seemingly restricted sterically to the approach of 
cations such as Ca** while permitting the interaction 
with other cations such as Mg** and Mn‘. It is sug- 
gested that these sites could be pyro-phosphate link- 
ages essential for the stabilization of the casein 
micelles. Such linkages would be expected to react 
preferentially when subject to ionizing radiations. It 
is also known (7) that compounds of this nature form 
complexes preferentially with certain cations depend- 
ing on the jonie radii and on the coordination num- 
bers of the ions. The existence of pyro-phosphate 


linkages in casein has been demonstrated by Perlmann 
(5), although her findings have lately been disputed 
(3,6). 

SUMMARY 


A method was devised whereby irradiation induced 
gelation of coneentrated milk could be studied. 

The addition of 20 milliequivalents of Mn‘ per 
liter of concentrated milk (3:1) totally prevented 
gelation within the experimental period (60 days). 

The formation of a gel during storage at 37° C. was 
considerably delayed by the addition of the divalent 
cations, Mg** and Mn**, whereas Ca** had no effect. 
Phosphate and citrate were found to enhance gelation. 

When the gelation of the irradiated milk was in- 
duced by heating at 90° C., Ca** addition effected an 
increase in gel strength, whereas citrate and phos- 
phate reduced the gel strength. No significant change 
in gelling time was observed under these conditions. 

On the basis of the experimental observations it is 
suggested that irradiation causes the rupture of pyro- 
phosphate linkages essential to the stability of the 
casein micelles. 


Acknowledgment 


The authors wish to thank the Carnation Co. and the Nestle 
Co., Ine. whose grants-in-aid assisted this work. 


LITERATURE CITED 


. Horr, J. E., Wertueim, J. H., anp Proctor, B. E. Radiation 
preservation of milk and milk produets. V. Precursors 
to the radiation-induced oxidation flavor of milk fat. 
J. Dairy Sci., 42, 468 (1959). 

2. Horr, J. E., Werturim, J. H., Procror, B. E. Radiation 
preservation of milk and milk products. VII. Storage 
studies of milk subjected to Co-60 radiation distillation. 
Food Technol., 12, 648 (1958). 

3. Horman, T. Biochem. J., 69, 139 (1958). 

. Hunziker, O. F. Condensed Milk and Milk Powder. 7th ed. 
1949. La Grange, III. 

. PeruMANN, G. E. Advances in Protein Chemistry, 10 (1955). 

i. THoal, N. V., Rocue, J., anp Pix, P. Bull, Soc. Chim. Biol., 
36, 483 (1954). 

. Van Vazer, J. R., ano Cauuis, C. F. Metal complexing by 
phosphates. Chem. Revs., 58, 1011 (1958). 

. Werruerm, J. H., Roycnoupuury, R. N., Horr, J. E., 
BLITH, S. A., AND Proctor, B. E. Radiation preserva 
tion of milk and milk products. J. Agr. Food Chem., 5, 
944 (1957). 


a 
fl. 
; 
i / | 
i 
4 
| 
4 
aver 
Age 
“Sa 


Radiation Preservation of Milk. XI. 
Studies on the Radiation-Induced Gelation of Concentrated 


Milk. The Effect of Polyphosphates”’ 


(Manuscript received May 21, 1959) 


Tue RADIATION-INDUCED GEUATION 
of concentrated milk has been the subject of study of 
two earlier papers of this series (2,3). At a fixed dose 
of approximately 2 megarads, a dose established as the 
sterilization dose for raw whole milk, the gelation was 
observed to be affected only by the concentration of 
the milk and by the storage temperature, whereas 
various processing variables such as dose rate, tem- 
perature of irradiation and distillation, were found to 
have no effect. 

When the effect of additives was studied, it was 
observed that citrate and phosphate ions both, en- 
hanced the gelation, whereas CaCl. had no effect on 
the amounts added. On the other hand, MgCle, and 
especially MnCle, were found to exhibit a pronounced 
effect in delaying the development of a gel. Similar 
studies of irradiated milk that had been subsequently 
heat-treated, revealed that the irradiation had sensi- 
tized the milk towards this treatment, and that the 
effects of additives were different from the effects 
observed during storage, and similar to effects known 
to occur with normal non-irradiated heat-sterilized 
evaporated milk (240° F. for 20 minutes). 

It was of interest to investigate other means of 
*«~mation. The addition of polyphos- 
phates was su; * since these compounds have the 
ability to chelate meia s and interact strongly with 
proteins. Analysis of the ionic compositions of ultra- 
filtrates was included in this investigation as it seemed 
reasonable to expect that the effects of irradiation 
would be reflecte .n changes in their composition. 


preventing 


EXPERIMENTAL 


Method for the evaluation of gelation. The samples were pre 
pared, stored and tested for gel strength in a manner identical 
to that described previously (2). Melting point capillary tubes 
were filled with approximately 3:1 concentrated milk contain- 
ing the additives. The filled tubes were heat sealed in poly- 
ethylene bags, irradiated with a dose of 2 megarads and stored 
at high humidity at 37° C. The observation that no flow oc- 
curred when the tubes were put in a slanting position was used 
as criterion of gelation, and the elapsed time in storage when 
this occurred was denoted ‘‘ gelling time Gel strength was 
estimated by noting the gas pressure needed to break the gel or 
force the milk out of the tubes. 


Additives. The additives used were: sodium tripolyphosphate 


(Monsanto Chemical Co.) of approximately 96% purity, ade 


* Contribution No. 370 from the Department of Food Tech 
nology. 

» Presented at the Nineteenth Annual Meeting of the Insti 
tute of Food Technologists, May 19, 1959, Philadelphia, Penn 
sylvania. 


J. E. Hoff, J. Sunyach, 
B. E. Proctor and S. A. Goldblith 


Department of Food Technology, Mas- 
sachusetts Institute of Technology, 
Cambridge, Mass. 


nosine triphosphate (ATP) of approximately 98% purity (Sig- 
ma Chemical Co.) and ‘‘hexametaphosphate’’ (Quadrafos, 
Rumford Chemical Works). This particular sample appeared 
to consist of a complex mixture of pyro-, tripoly, tetrapoly, and 
higher polyphosphates when evaluated by paper chromatog 
raphy. 

Ultrafiltration. Ultrafiltrates of milk were obtained according 
to a method given by Tessier and Rose (6). Ten ml. was col 
lected from 100 ml. milk using a gas pressure of 30 p.s.i.g. 

Determination of calcium and magnesium. The method of 
Jenness (4) was followed. 

Determination of inorganic orthophosphate and total phos- 
phate. These were obtained using «a modification of the Fiske 
SubbaRow method (7). 


RESULTS 


Orthephosphate, in the form of sodium diphosphate was 
found (2) to shorten gelling time and to inerease the gel 
strength, but different results are obtained with polyphos- 
phates (Figure 1). Pyrophosphate extends gelling time and 
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Pyrophosphate 
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Tripolyphosphate 
Hexametaphosphate 


5 10 15 
Gelling Time, Days at 37°C 
Figure 1. Effect of polyphosphate on gelling on storage of 
irradiated milk. 
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Concentration, Meq. per Liter 


reduces the gel strength, but it does not, at the concentrations 
used here, prevent the eventual formation of a gel. The next 
higher member in the series of polyphosphate homelogues 

tripolyphosphate—was found to completely prevent gel forma 
tion during a storage period at 37° C. of approximateiy 60 days, 
when added in amounts larger than 16 milliequivalents per 
liter of concentrated milk. (A storage time in exeess of 2 
months was usually not possible. The polyethylene bags even 
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tually, after this period of time, succumb to an invasion of 
mold, 

Adenosine triphosphate (ATP), which may be considered as 
au tripolyphosphate with one end-group esterified, produces an 
effeet whieh falls between the effeets of pyrophosphate and tri 
Tripolyphospate and ‘*hexametaphosphate’ 


polyphosphate. 
appear to give very similar effects when compared on an equiva 
lent basis, (Hexametaphosphate taken as 100%  tetrapoly 
phosphate.) A threshold value seems to exist for polyphosphate 
additives that contain more than two phosphorus atoms per 
molecule, Below this value the additive has only slight effect 
on the gelling time. At the threshold value there is an abrupt 
ehange in the gelling time and a point is reached where what 
appears to be total prevention of gel formation is obtained. 

Table 1 gives the chemical analysis of the ultrafiltrates. The 
amount of tripolyphosphate used in these experiments was in 
slight exeess of the threshold value: 16 milli-equivalents per 
liter or 300 mg. P per liter. 

It is observed that the irradiation of concentrated milk 
results in an inerease jin the free metal ion concentration, The 
inerease is relatively greater for Mg’’ than for Ca The addi- 
tion of tripolyphosphate results in increased binding of metal 
to the proteins as judged by the reduced levels of these metals 
found in the ultrafiltrates. Relatively more Mg’ than Ca‘ is 
hound, The irradiation of milk with added tripolyphosphate 
gives little change in the free metal ion concentration, the Mg’ 
concentration being, in this ease, totally unaffected. 

The changes observed are relatively small, but the same 
trend of changes has been noted repeatedly. It is considered, 
therefore, that the statements above concerning qualitative 
changes are ecorreet, whereas conclusions derived from the 
magnitude of changes as given in Table 1 would be less reliable. 

Further inspection of Table 1 shows that irradiation causes 
aun inerease in the total phosphate of the ultrafiltrate, the in 
erease being approximately equally shared by the inorganic 
orthophosphate and other phosphates (organie and polyphos 
phates) present. The addition of tripolyphosphate does not 
signifieantly change this level of inorganie orthophosphate, but 
a slight inerease in the total phosphate is observed. If it is 
assumed that this increase would be all tripolyphosphate, it is 
indicated that tripolyphosphate is strongly held by the protein, 
only about 10% of the amount added appearing in the ultra- 
filtrate. When milk containing tripolyphosphate is irradiated, 
a significant increase in the total phosphate occurs, all of which 
appears to be inorganie orthophosphate—perhaps produced by 
hydrolysis of the tripolyphosphate. 


DISCUSSION 


It was suggested earlier (2) that the radiation- 
induced gelation of concentrated milk might be caused 
by a rupture of pyrophosphate linkages of the casein. 
The hydrolysis of these linkages, if such oceurs, could 
yield two orthophosphate groups of greatly reduced 
ability to chelate with metal ions as compared with the 
original structure. Such a reaction would, therefore, 
be expected to result in a release of metal ions from 
complexing with the casein, giving an increase in the 
free metal ion concentration of this milk. One would 


also expect an increase in the inorganic orthophos- 
phate concentration, these ions being released from 
the secondary binding to the casein through the metal 
ions, 

The hypothetical rupture of pyrophosphate link- 
ages could further be expected to result in a loss of 
structure of the casein molecules. In the process of 
uncoiling in a random manner new ionic bonds and 
hydrogen bonds would be formed between adjacent 
molecules, and, as an end product, give a gel. 

The experimental results tend to support this in- 
terpretation of the effect of irradiation. Both the con- 
centrations of divalent cations and of free phosphate 
were found to inerease as was expected. The relatively 
greater increase in Mg** than of Ca** further supports 
the rupture of pyrophosphate linkage, as Mg** woul: 
be more strongly held by such groups than Ca‘. 

The effect of added metal ions, which was reported 
in an earlier paper (2), and of the polyphosphates as 
reported here, appears to be less easily explicable. The 
similarity of the effects of added manganese ions and 
of tripolyphosphate seems to preclude interpretations 
based upon classical colloidal chemistry ideas. It is 
not known whether one is dealing with ** protection”’ 
effects or with ‘‘repair’’ effects of these additives. 
Basel on the present information, some possible in- 
terpretations are presented in the following. 

Manganese ions are known to possess a greater 
aftinity for the type of phosphate linkages assumed 
to be involved (5). Their presence could be thought 
of as either reinforcing this structure, rendering it 
less vulnerable to irradiation damage, or tending to 
recombine any momentarily broken O-P bond by giv- 
ing extra rigidity to the structure in this manner: 
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The structure would actually be more rigid than ex- 
pressed in this formulation, as the manganese complex 
is probably polydentate rather than bidentate as 
shown. Another alternative is: 
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TABLE 1 


Chemical analysis of the ultrafiltrates 


Metal in ultrafiltrates 


| 


———— 
Ca 


A 
ample (mg./liter) 


Mg 
(mg./ liter) 


Nonirradiation 639 
Irradiation 659 
Nonirradiation + TPP....... , 582 
Irradiation + TPP... 598 


| % change from untreated milk ortho- 


phosphate 


Ca Meg mg./liter mg./liter 


0 760 900 
+9 800 990 
750 930 
—11 830 1000 


The amount of tripolyphosphate used in these experiments was in slight excess of the threshho'd value: 16 milli-equivalents per liter or 300 mg 
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where manganese forms new ionic bonds between the 
products of hydrolysis. The stability of complexes of 
substituted orthophosphates with Mn** is approxi- 
mately eight times greater than that of such complexes 
involving Ca** (5). 

The effect of polyphosphates could be interpreted 
in a very similar manner. These molecules might be 
thought of as arranging themselves along the surface 
of the micellar protein, as indicated by the complex 
formations discussed previously, thus strengthening 
the structure existing in the native protein. Obvi- 
ously, both a protection effect as well as a repair effect 
would again be possible explanations. 

Finally, the polyphosphates as complexed with pro- 
tein, might act as ‘‘radical acceptors,’’ reacting 
preferentially with free radicals produced during the 
irradiation and thus sparing the pyrophosphate link- 
age of the proteins. 

Post-irradiation addition of the gel preventing com- 
pounds would undoubtedly clarify the mechanism to 
some extent and make possible the choice as to which 
of these interpretations, if any, is more likely to be 
the correct one. 


SUMMARY 


The addition of polyphosphates to concentrated 
(3:1) milk before irradiation markedly reduces the 
tendency of irradiated milk to develop a gel when 
stored at 37° C. 

ATP, tripolyphosphate and ‘‘hexametaphosphate’’ 
were able to prevent gel formation for an undeter- 
mined length of time in excess of two months at 37° C. 
when added in amounts above a certain threshold 
value specific for each compound. Pyrophosphate did 
not exhibit this phenomenon. 
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The analysis of ultrafiltrates of irradiated milk 
demonstrated that the irradiation caused a release of 
Ca**, Mg** and phosphate ions from complexing with 
the casein. Addition of tripolyphosphate to irradiated 
milk caused an increased complexing of these ions 
with casein. Nearly all the added tripolyphosphate 
was found to complex with the protein. 

Irradiation of milk with added tripolyphosphate 
did not affect the metal-protein complex, but did re- 
sult in a release of inorganic orthophosphate and other 
phosphates from the casein complex. 


The experimental results are discussed and an in- 
terpretation of the effects of irradiation and of the 
addition of metal ions and polyphosphate is attempted. 
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Changes in Volatile Constituents During the 
Baking of Sherry Wine by the 


Tressler Process”’ 


(Manuscript received May 21, 1959) 


Tux MAJORITY of the sherry wine 
produced in New York State is made by the Tressler 
Baking Process. Introduced in 1938, the method has 
since been adopted as standard procedure by the wine 
industry in this State. The process is particularly 
adapted to use with Concord and other Labrusca-type 
grapes, since the strong ‘‘foxy’’ odor and bright red 
color, objectionable qualities in a sherry wine, are 
eliminated in a relatively short time (1). Thus, an 
excellent quality sherry can be produced more quickly 
at less expense. 

Heitz et al. (2) investigated the effect of certain 
factors which influenced the composition of California 
type sherry during the baking process. The baking 
process employed by these investigators differs from 
the Tressler process, Sherry wines prepared by the 
Tressler process are baked for a period of 6 weeks at 
140° F. while the California process bakes sherry wine 
for 13 weeks at 120° F. The Tressler process employs 
a constant flow of oxygen during the baking process ; 
Heitz et al. used intermittent aeration onee a week for 
two minutes. 

The Tressler process has had no major alterations 
since its conception. Very little is known about the 
changes that take place during this baking process. 
The development of new analytical techniques made 
possible an evaluation of the method from an objec- 
tive viewpoint. Data are also needed to characterize 
the process in order to control and insure uniform 
quality. 

This investigation was designed to permit study of 
the changes in the general classes of volatile com- 
ponents of sherry wine during the Tressler Baking 
Process. The volatile classes studied were the ear- 
bony], ester, and acid. 


METHODS AND MATERIALS 


Preparation of the wines. The wine samples obtained in this 
investigation were prepared in a commercial winery. They were 
baked at 140° F. with a constant flow of finely dispersed 
oxygen. Samples were taken at various time intervals through- 
out the baking process. Wines made from grapes of the Con- 
eord and Niagara varieties were employed in this investigation. 
No sulfur dioxide was used in the preparation of these wines. 

Steam distillation of the volatiles. One hundred ml. of wine 

* Approved for publication by the Direetor of the New York 
State Agricultural Experiment Station as Journal Paper No. 
1190. 

’ Presented before the Nineteenth Annual Meeting of the 
Institute of Food Technologists, May 19, 1959. 


Leonard R. Mattick and 
Willara B. Robinson 


New York State Agricultural Experi- 
ment Station, Cornell University, 
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was steam distilled at the rate of 5 ml./min. The steam gener- 
ator consisted of a 3-necked 500 ml. flask fitted with an internal 
coil of nicrome wire immersed in boiled distilled water. <A 
Friedrich condenser and an ice bath served to collect the dis- 
tillate. It was found that the distillation was complete upon 
collecting 200 ml. of distillate. 

Analysis for volatile carbenyl content. The method of Lappan 
and Clark (5) was modified for the analysis of the volatile 
carbonyl compounds as follows: One ml. of distillate was placed 
in a Nash combination blood sugar tube with 2 ml. of 2,4 dini- 
trophenylhydrazine solution and two drops of concentrated 
hydrochloric acid. The tube and contents were heated in a 
boiling water bath for 5 minutes, after which the volume was 
made up to 5 ml. with carbonyl-free methanol. Five ml. of 
potassium hydroxide solution was then added and the final 
volume adjusted to 25.0 ml. with carbonyl-free methanol. The 
optical density was read at 480 my against a distilled water 
blank treated in the same manner as the sample. 

A standard eurve was prepared using acetaldehyde as a 
standard. The results are reported as mg. of acetaldehyde/ 
100 ml. wine. The standard error of estimate of this method 
was found to be + 2.16 mg. acetaldehyde/100 ml. of wine. 

The carbonyl compounds were isolated as the 2,4 dinitro- 
phenylhydrazones and identified by means of paper chroma- 
tography (4, 6) and ultra violet adsorption. 

Analysis for volatile ester content. Two ml. of 2M hydroxyla- 
mine hydrochloride was pipetted into a Nash combination blood 
sugar tube along with 5.0 ml. of distillate followed immedi- 
ately with 2.0 ml. of 3.5 N sodium hydroxide solution. After 5 
minutes, 2.0 ml. of a 4N hydrochlorie acid solution was added. 
The individual samples were held at this point until all samples 
and standards of a given assay reached this stage. Two ml. of 
a 10% ferrie chloride in N/10 hydrochloric acid was added, 
mixed and read at 525 mu. A distilled water blank was treated 
in the same manner as the sample and standards. 

Ethyl acetate was used as the standard. The results are 
reported as mg. ethyl acetate/100 ml. wine. A new standard 
curve was prepared, whenever new reagents were made. The 
standard error of estimate of this method was found to be 
+ 0.42 mg. ethyl acetate/100 ml. wine. 

Analysis for volatile acidity. Fifty ml. of the steam distillate 
and a blank using previously boiled distilled water were titrated 
to a phenolphthalein endpoint with N/10 sodium hydroxide. 
The volatile acidity was calculated as follows: 

4 (ml. alkali for sample — ml. alkali for blank) 6.0 = mg. 

acetic acid/100 ml. wine. 


The volatile acidic components were isolated and identified 
by silicie acid (8) and paper (7) chromatography. 

Total acidity. Twenty-five ml. distilled water was added to 
25 ml. wine. This solution was titrated with N/10 sodium 
hydroxide to pH 8.30. Results are expressed in terms of per 
eent tartaric acid. 

Storage of the wine. Immediately after the wines were 
analyzed for their volatile components, the unused portion was 
transferred to pint bottles. The containers were filled to 
eapacity leaving as little air space as possible in order to 
simulate the commercial bottling and storage-in-bottles of wine. 
After 8 months’ storage at room temperature (15-35° C.) the 
analyses were repeated. 
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RESULTS AND DISCUSSION 


Changes in the volatile carbonyl content of sherry 
wine during the baking process. The major carbonyl 
compound found in sherry wine was identified as 
acetaldehyde. Trace quantities of acetone and hex- 
aldehyde were also found. 

An inerease in the volatile carbonyl components 
oceurred during the baking process of both wines 
(Figure 1). However, a more accelerated increase was 
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Figure 1. Changes in the volatile carbonyl content during 
baking and after storage of sherry wine. 


observed in wine made from Concord grapes as com- 
pared with that from Niagara grapes. The oxidation 
of ethanol to acetaldehyde may be responsible for a 
portion of the increase in the volatile carbonyl con- 
centration; however a considerable part of the in- 
crease is probably due to a non-enzymatie browning 
system. The oxygen employed in the baking process 
may not enter directly into the production of car- 
bonyls by the browning system, although oxygen will 
act as a catalyst and greatly accelerate the reaction 
(3). However, this does not exclude oxygen from 
entering into other associated reactions. 

No significant change in the volatile carbonyl econ- 
centration was noted after eight months storage 
(Figure 1). 

Changes in the volatile acidic components during 
the baking of sherry wine. The majority of the volatile 
acid concentration was found to be composed of 
formic and acetic acids with a trace of propionie and 
lactic acids. The volatile acid concentration increased 
throughout the baking process (Figure 2) ; however, 
it should be observed that the volatile acid concentra- 
tion in Coneord sherry wine increased at a much more 
rapid rate than that in the Niagara wine. 

The formic acid could be produced from the degra- 
dation of furfural in a non-enzymatic browning re- 
action (3). The acetic acid could arise from either the 
browning reaction or oxidation of acetaldehyde to 
acetic acid. The steady increase in volatile acids 
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accompanied by the formation of formie acid during 
the baking process indicates that the browning re- 
action plays an important role in the baking process. 

During the baking, differences in behavior of the 
Concord and Niagara sherries with regard to total 
acidity and pH was observed. The pH and total 
acidity of the Niagara wine remained fairly constant 
while Coneord changed radically (Table 1). The in- 
erease in total acidity was not explainable by the 
increase in volatile acidity. An identifying feature of 


TABLE 1 


The effect of baking time on the total acidity and pH of 
Concord and Niagara wines 


Concord Niagara 

Total acidity 
| (per cent) pH 

tartaric acid 


Total acidity 
|} (per cent) pH 
| tartaric acid 


| 


the non-enzymatiec browning system is the rise in 
acidity and drop in pH. This is caused by the sup- 
pression of the ‘‘Zwitter-ion’’ of the amino acid. The 
carboxyl group of the addition product is then free 
and titratable. 

After storage for 8 months at room temperature, 
no significant change in the volatile acidie concentra- 
tion was noted (Figure 2). 

Effect of neutralizing the wine before baking. It is 
a common practice in the industry to neutralize the 
wine to an acidity of 0.45%, calculated as tartaric 
acid. The Concord wines, being high in acid, require 
this neutralization while the lower acid Niagara wines 
do not. 

Three batches of wine consisting of 2 lots of Con- 
cord and one lot of Niagara were baked. One lot of 
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Figure 2. Changes in the volatile acid content during baking 
and after storage of sherry wine. 
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the Concord wine was neutralized with calcium car- 
bonate to an acidity of 0.45% ; the remaining batches 
were baked without any neutralization. The acidity 
of the unneutralized Concord and Niagara wines was 
0.66 and respectively. Since alkaline salts 
accelerate the non-enzymatic browning reaction ; neu- 
tralization of the wine may accelerate the changes in 
the volatile constituents. 

The changes in the volatile carbonyl content of the 
non-neutralized wines were closely related (Table 2), 
while the production of volatile carbonyls in’ the 
neutralized wine was accelerated, 


TABLE 2 


The effect of neutralization of the wine before baking on the 
production of the volatile and acid compounds 


Volatile carbonyl 
compounds 
(mg. acetaldehyde 
100 ml. wine) 


Volatile acids 
(mg. acetic acid, 
100 ml. wine) 
Baking 
time 


Concord 
(weeks) 


neutral Concord 
ized to het neu 
tralized 


Concord 
Niagara | neutral- | Concord | Niagara 
not neu- ived to | not neu not neu 
tralized 0.45% | tralized | tralized 


“ 54 
1 5 14.7 11.6 
3 16.1 14.6 
24.0 
1 
5 $2.7 
| 


Inerease 14.8 


The volatile acids of the Concord wines developed 
at approximately the same rate, while those of the 
Niagera wine increased more slowly (Table 2). These 
data would further confirm the importance of the 
role that the browning reaction plays in the produe- 
tion of sherry wine. 

Changes in the volatile ester content of sherry wine 
during baking. The volatile ester content of sherry 
wines was the least changed of any of the volatile 
constituents studied (Figure 3). The slight increase 


OO ML. WINE 


ETATE /i 
= 


MG. ETHYL AC 


0 2 3 4 
BAKING TIME, WEEKS 
_ Figure 3. Changes in the volatile ester content during baking 
and after storage of sherry wine. 
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could be explained by the esterification equilibrium 
of aleohol and acid. It should be noted that the vola- 
tile ester content of the Niagara is higher than the 
Concord. This is the only volatile component studied, 
that shows a higher developed concentration than 
Concord. 

Another characteristic of the volatile esters of 
Niagara sherry is that they are the only group which 
showed a change in storage. The esters of Concord 
wine showed no appreciable difference on storage ; the 
Niagara esters decreased significantly. No explana- 
tion for the decrease in the volatile esters of Niagara 
wine can be advanced at the present time. 


SUMMARY 


Wines prepared from Concord and Niagara grapes 
were processed into sherry wine by the Tressler 
baking process. The changes occurring in the volatile 
carbonyl, ester and acid content were followed 
through the baking proces. The major volatile car- 
bonyl compound was isolated and identified as ace- 
taldehyde. Slight traces of acetone and hexaldehyde 
were also present. The major volatile acids were ten- 
tatively identified as formie and acetic acids. Pro- 
pionie and lactic acids were found in trace amounts. 

During the baking process, the volatile carbonyl! and 
acid content increased at a rapid rate in the Concord 
wine. A similar increase was noted in the Niagara 
wine except the rate of production was approximately 
one-half that of the Concord. The non-enzymatic 
browning reaction is advanced as a possible mecha- 
nism for the formation of these compounds. 

Comparison bakings of Concord wine neutralized to 
0.45¢ acid and of Concord and Niagara wines not 
neutralized before baking were performed to deter- 
mine the effect of the presence of alkaline salts in 
wine during baking on the volatile acid and carbony! 
production. The volatile carbonyl content of the 
Niagara and the non-neutralized Concord wines in- 
creased at approximately the same rate, while the 
rate of increase of the volatile acid content of the 
Concord wines both neutralized and non-neutralized 
were similar. These data further confirm the role of 
the browning reaction in the processing of sherry wine 
by the baking process. 

Of the volatiles measured, the esters increased the 
least in any group. The ester increase in the Niagara 
Wine was greater than in the Concord. The ester con- 
tent of the Concord wine appeared to remain un- 
changed after eight months storage; however, those 
of the Niagara gave a significant decrease after eight 
months storage. No explanation of this decrease can 
be advanced at the present time. 

No appreciable change after eight months storage 
was noted in the volatile carbonyl or acid content in 
either the Concord or Niagara wines. 
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Diagnostic Sanitation Analyses 
and Drug Control’ 
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Mee HAS BEEN WRITTEN about 
food cleanliness and insects; about the aesthetic and 
health aspects of food sanitation; about the improve- 
ments in food sanitation that have been made during 
the past several years (14,15). It is our belief that 
most people in this country associate insects with filth 
and insanitation and there is a preference for foods 
that are as free as practicable from insect debris. 

The development of new pesticides and pest control 
practices have brought about enormous advances in 
insect control during the past several years and these 
advances continue unabated. Associated with the use 
of pesticides to control insects, there is now a wide- 
spread recognition of the importance of food plant 
sanitation in insect control. Sanitation is now an 
integral part of food industry programs designed to 
reduce the possibility of food contamination by 
insects (2). 

Major aspects of sanitation developments over the 
past several years have been the investigations and 
regulatory activities of the U. S. Food and Drug Ad- 
ministration (1,14). Sinee the gradual unfolding of 
the insect and insect fragment program about 1935, 
seizures and prosecutions have been, and continue to 
be, based on the presence of insects and insect filth 
(3). Such Food and Drug enforcement has not only 
removed violative merchandise from consumer chan- 

° Presented at the Annual Meeting of the Institute of Food 
Teckxologists, May 18, 1959, Philadelphia, Pa. 
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nels, but has provided an incentive to clean food 
production. However, regulatory pressure alone would 
not have brought about the industry-wide improve- 
ments that now exist without the laboratory and 
technological developments of the past several years. 
Without minimizing modern advances in food tech- 
nology which have been major factors in clean food 
production, the discussion before us now is concerned 
with the development of laboratory-analytical proce- 
dures, specifically those microscopic-analytical proce- 
dures which are used today in analyzing foods for 
extraneous materials (5). Laboratory techniques to 
determine the presence or absence of insect filth 
have been necessary in the move forward to reduce 
contamination. 

The beginnings of food microanalyses for insect 
contamination were concerned with the detection of 
whole insects such as maggots in blueberries and 
cherries, and insect larvae in flour and meal. These 
early findings resulted in widespread legal actions 
and the establishment of industry-wide programs to 
reduce contamination. In the chronology of this work, 
field and manufacturing plant observations showed 
that raw agricultural products containing insect lar- 
vae were entering consumer channels. This observa- 
tion led to the oil flotation principle for the recovery 
of insects, and was followed shortly by the application 
of this principle to the recovery of insect fragments. 
In the years that followed, the detection of insect 
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fragments in foods has become a valuable tool in the 
hands of food processers and regulatory agencies 
charged with maintaining the cleanliness of the food 
supply (7). 

Howard and others recognized that, in addition to 
being able to distinguish between insect debris in 
foods and the feod particles themselves, they recog- 
nized that certain insect pieces originated from spe- 
cific insects (13). However, this possibility, and more 
especially, its significance in food control operations, 
lay unexplored until 1949-50 (6, 12). Since that time, 
marked advances have been made in the identification 
of insect fragments. These advances are contining 
(4, 11). 

Recent developmetits on the identification of insect 
fragments as distinet from the mere recognition that 
debris is not a normal fruit or vegetable constituent, 
emphasizes that the current work on diagnostic sani- 
tation analyses is proceeding rapidly in two parallel 
directions: 

1. The identification of insect pieces as originating 
from specific insects, gives information far be- 
yond that which could be obtained if the insect 
were not so identified (8). For example, a labo- 
ratory finding of Drosophila eggs, maggots, or 
maggot parts in a mixed vegetable baby food 
would call for a different control program than 
would a laboratory finding of aphid fragments. 

. The recognition of insect fragments, as such, by 
specific insect fragment morphology, bases insect 
fragment recognition on basic biological criteria. 
In other words, if we make use of the micro- 
morphological characteristics of insects in recog- 
nizing insect fragments, then we are basing the 
analysis on the material which is fundamental 
to the entire problem (9, 10). 


‘*Diagnostic sanitation analysis’’ as applied to in- 
sect fragments, makes use of the specific anatomical, 
morphological, and micro-morphological details that 
characterize the insect species. All too often in the 
past, training in insect fragment recognition has be- 
gun with sample analysis and insect pieces. The sys- 
tematic approach which we are proposing here begins 
with the insects from which the fragments are de- 
rived, Let us show you what we mean. 

Take the material in Figure 1 as our first example. 
We keep recovering articles like this in routine an- 
alyses. It does riot seem to be ordinary plant tissue 
debris and it does have a similarity to pictures that 
we have seen of an insect larva thoracic leg. It is 
tapering and has joints and that ‘‘may be about 
enough’’ to characterize it as ‘‘insect.’’ 

Insect antennae are elongated segmented structures 
(at least in some cases). We may have some doubts 
about the appearance of the material in Figure 2, but 
since we do keep finding it in insect-infested grain 
and seeing it over and over again, we finally become 
convinced that it is not plant debris but is, in fact, 
a piece of insect. Although we start counting it with 
some uncertainty, as the months go by we realize 
more and more that it ‘‘couldn’t be plant’’ and our 


Figure 2. Segmented jointed structure from grain product. 


confidence increases that it must be insect. After all, 
it does have many of the characteristics used in some 
laboratories to characterize insect debris. But, is it 
really? Some of you will begin to recognize that this 
type of analysis is akin to a chemical identification 
based on an all-negative approach without a specifi- 
cally characteristic test. 

Let us attack this insect fragment recognition prob- 
lem the other way around. Let us start with the in- 
sect. What insect? We are not dealing with ‘‘any 
old inseet.’’ Contamination in a particular food field 
usually involves a limited group of insects so that in 
each food field we are concerned only with specific 
pests. Insects are selective in their habits and this 
permits us to be selective in the insects to be studied. 
In stored cereal grain, one of the insects that we 
would study would be the granary weevil: egg, larvae, 
pupae, and adult. We will dissect it step by step, 
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... flavor by 


Repeat sales (the best measure of customer satisfaction) begin with quality ingredients. 
And you start with a competitive edge when you specify flavors by Webb— 

outstanding for trueness, delicacy, uniformity and strength. Specialists in flavors 

and custom flavor development for over fifty years. Inquiries invited. Catalog on request. 


R. D. WEBB &co., INC. 


MAIN OFFICE: COS COB, CONNECTICUT + BRANCHES; CHICAGO AND LOS ANGELES 
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IN PRODUCTION QUANTITIES. A new centrifugal 


force Liquid-Solids blender has evolved from P-K’s ex- 
clusive “Twin-Shell” design. It blends never-before- 
practical combinations of liquids and solids! It reduces 
conventional blending operations to a single step! 

For new combinations of liquids and solids, this amaz- 
ing blender offers untold advantages. Applicatioris are 
limited only by imagination. They range from chemical 
reactions to coating very light solids such as cork, to 
producing all types of controlled granulations from fine 
to coarse. 

In conventional! applications, the one-step P-K Liquid- 
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Solids blender often eliminates two and three separate 
stages of blending, pulverizing and screening. It replaces 
a multiplicity of equipment. It reduces equipment invest- 
ment and materials handling costs. 

P-K Liquid-Solids units blend up to 40% liquids by 
weight. Blending requires minutes, not hours. It involves 
four simple actions: 1) Dry Solids are charged to about 
65% of shell volume. 2) Solids are tumbled and aerated to 
break up agglomerates. 3) Atomized liquid is dispersed 
through patented centrifugal force spray discs. 4) Prod- 
uct is discharged from the bottom of the blender. 

All surfaces of the blender are freely accessible. The 
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Liquid-Feed bar is easily removed. These features speed 
cleaning and safeguard against contamination. Sizes 
range from laboratory models to 50 cu. ft. capacity. 


FREE PRE-TEST OFFER. You can preview blending 


economies at our Laboratory. Pre-testing predicts savings 
in processing and handling and realistically demonstrates 


the unique performance of this blender. 

Our pre-test facilities for blenders — and also for P-K 
Vacuum Tumble Dryers — are at your disposal. Send or 
bring your test materials. For complete information call 
(Stroudsburg — Hamilton 1-7500) or write George 
Sweitzer at our East Stroudsburg Headquarters, 1609 
Hanson Street. 


Patterson Kelle. 


Chemical and Process Equipment Division, East Stroudsburg, Pennsylvania 
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Attention cereal makers: 


Here’s how Tora Food can give you a new 
Sales-)uilding nutrition story at low cost 


If you need a powerful new story to spark the sales 
of your cereal, Tora Food (Red Star’s brand name 
for Torula Yeast U.S.P.) is your answer. And you 
can actually save money. Here’s what we mean: 


How will Tora Food improve nutritional con- 
tent of cereal? Here are some specific nutritional 
factors housewives know and look for in cereal. This 
chart shows you how Red Star Tora Food increases 
these factors in a typical cereal—corn meal. 


PER 100 GRAMS OF CORN MEAL 
Corn meal 


plus 3% 

Tora Food 

10.50 grams 
0.66 milligram 
0.20 milligram 
2.80 milligrams 


Corn meal 

as is 
Vitamin B,.... .0.30 milligram 
Vitamin B,.... .0.08 milligram 
1.90 milligrams 


.9.00 grams 


What totally will Tora Food add to cereal? 
(At a level of 34 to 100#) 


Vitamin B, 
Vitamin B, 


163.5 milligrams worth 
54.5 milligrams worth 
Niacin 408.6 milligrams worth 
Vitamin B, 40.8 milligrams worth 
Para-amino benzoic Acid. . 20.4 milligrams worth 
Pantothenic Acid 150.0 milligrams worth 
Folic Acid............... 95.3 milligrams worth 
4.8 grams worth 


Here is a nutritional “barrage” that can’t help 
but impress the nutrition-conscious housewife. 


How can Tora Food actually save you money? 
The ingredients listed above would cost you 87.33¢ 
at current price levels, if you bought them indi- 


vidually. You get these same ingredients in the 
same amounts for only 54¢ in Red Star Tora Food. 
That’s 33.33¢ saved. (Incidentally, the same 
amount of brewer’s yeast would cost you between 
72¢ and 84¢.) 

In addition, Tora Food saves you money on 
handling and inventories. Instead of buying, stor- 
ing, handling and keeping books on 10 or more 
different ingredients, you need handle only one 
when you use Red Star Tora Food. 


How else will Tora Food improve saleability 
of cereal? Tora Food will intensify the flavor of 
your cereal. It has a mild, pleasant flavor with the 
ability to enhance the natural flavor of the product 
to which it is added. 

Furthermore, Tora Food is an antioxidant and 
helps give your cereal longer shelf life. 


Who besides cereal makers can use Tora 
Food? Almost any food processor. Here we’ve 
talked specifically about cereal makers, but baby 
food processors are already using Red Star Tora 
Food successfully. And here are some other types 
of processors who can use Tora Food to big advan- 
tage: spice, soup, chocolate, peanut butter, sauce 
and gravy, health food, smoked yeast and 
pharmaceuticals. 

If you are a cereal maker (or any food processor) 
who wants a new sales-boosting nutrition story, 
write to us. We’ll be happy to show and discuss 
with you work and analysis that has been done. Or 
if you prefer, we’ll be happy to have a nutritionist 
call on you. Write to the address below. 


® 
Nutritional Division 


RED STAR YEAST 
PRODUCTS CO. 


Milwaukee 1, Wisconsin 
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DIAGNOSTIC SANITATION ANALYSIS 


beginning at the head and going back through the 
insect region by region (head, thorax, abdomen) ; 
area by area (prothorax, mesothorax, metathorax) ; 
sub-area by sub-area (notum, pleuron, sternum) ; part 
by part (legs, wings) until finally, with detailed 
knowledge of all the structures, we arrive at the piece 
to be used as our example. 

An entire leg, Figure 3, represents an obvious in- 
sect fragment. To anyone with even an elementary 
knowledge of biology—in fact, almost from the scien- 
tific knowledge available in the daily press—it should 
be relatively simple to recognize the leg. About all 
that is needed to make the analysis is the correct 
microscope and an adequate illuminator. 

As the analyst has, now, already done systemati- 
eally with other structures studied, he will now isolate 


Figure 3. Beetle leg. 


the individual sclerites, in this case, the leg segments. 
Let us look at a first segment, the coxa, Figure 4, in 
its complete form. 

If the coxa were on a filter paper its identification 
would be more difficult than that of the whole ieg, 
especially if you have never seen a coxa before. But, 
even without this background you may recognize this 
as something special that ‘‘looks like’’ insect and per- 
haps count it. However, accurate characterization 
would be based on a knowledge of the manifold char- 
acteristics that are present on various insect frag- 
ments. However, the purpose of this paper does not 
necessitate going through all the details of shape, and 
surface sculpturing, but to examine species character- 
istics that are used in insect fragment recognition and 
identification. A good example is the weevil coxal 
groove (Fig. 4, see arrow) that articulates in the tho- 
racie coxal cavity. Coxal fragments with this groove 


Figure 4. Weevil coxa. 


are real ‘‘repeat performers’’ in the examination of 
foods that contain granary weevil contamination. 

Figures 5 and 6 will tell and illustrate the remain- 
der of the story. Note that the finer and finer break- 
down of the coxa and the study of the groove area of 
the coxa permits the analyst to identify with absolute 
certainty fragments coming from this area of the leg 
segment (coxal groove). 

This is the story. In a way, it is simplicity in itself. 
Although only a small area of the insect fragment 
problem has been discussed, this has been done pur- 
posely to focus on one salient point of insect fragment 
recognition and identification. We identify insect 
fragments, not by attempting to recognize the infinite 
variety of sizes, shapes and forms in which they ap- 
pear but through a study of the insects from which 
they were derived. A knowledge of the insect is a 
simple, organized, and sure key to the recognition of 
insect fragments. The recognition of insect fragments 


Figure 5. Weevil coxa fragment. 
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Figure 6. Smaller weevil coxa fragment. 


was partially explained when we recognized the leg 
as an insect appendage; the coxa, as a basic leg com- 
ponent; and when we recognized the characteristics 
of this structure. Fragmentation beyond this basic 
unit naturally results in variously shaped pieces of 
cuticle which bear little over-all resemblance to the 
intact structure, but which still retain the micro- 
morphological characteristics which we now know to 
exist on the structure itself. In many respects, this 
approach to insect fragment analysis has been over- 
simplified. There are many morphological details 
which are considerably more complex, but the concept 
embracing this approach to insect fragment work is 
relatively simple. It is based on a tangible systemati- 
cally organized foundation, the insect, with each frag- 
ment situation depending only on the insect or insects 
which concern the particular food field. When we 
know the insect we can diagnose the etiology of the 
contamination and so interpret its significance. 
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The Stabilizing of Tin-Plate Surfaces: 


(Manuscript received May 21, 1959) 


oo OXIDE FiLM normally present 
on tin, although protective to some degree, readily 
grows to such an extent that discoloration of the sur- 
face is easily discernible. This oxidation and the 
accompanying discoloration, commonly called *‘ yellow- 
stain,’’ can occur during storage in warehouses under 
humid conditions or during the baking operation that 
follows lacquering or enameling. However, it is not 
only the change in the appearance of the tin plate that 
is objectionable; the oxide film formed during ware- 
house storage can prevent the proper adherence of 
some lacquers and lithographing inks to the tin sur- 
face, and can cause difficulty during modern, high- 
speed soldering operations in the manufacture of cans 

These and related problems, such as the prevention 
of the sulfide stain that occurs when some foods are 
packed in tin cans, have been studied by numerous 
investigators, some of whom have patented their find- 
ings. Also, other patents have been issued for processes 
that were specifically designed for other metals but 
that were claimed to provide protection to tin. The 
most important of these patents and publications are 
summarized in the remarks that follow. 

In 1931, S. R. Mason (13) patented a process in 
which metallic surfaces were cathodically treated in a 
solution containing sodium dichromate or chromic 
acid. This process was comparatively unknown to the 
tin-plate industry until recent years. In 1935, H. 8S. 
Schutte (20) patented a process in which tin plate was 
treated in a hot dilute solution of potassium perman- 
ganate to decrease sulfide staining. In 1940, C. G. 
Sumner (21) patented a process in which an anodie— 
cathodic-anodic treatment was used to minimize the 
sulfide staining of tin plate. Also, in 1940, R. Kerr 
(12) published the results of an investigation in which 
tin plate was treated in an alkaline solution contain- 
ing chromate or certain other chemicals. In 1943, 
W. 0. Cook and H. E. Romine (6) obtained a patent 
for a process in which tin plate was cathodically de- 
oxidized in a sodium carbonate solution to improve the 
resistance to baking discoloration. In a second process 
patented by Cook and Romine (7) in 1943, tin plate 
was anodically oxidized in a sodium carbonate solution 
to minimize sulfide staining. In the same year, F. E. 
Rath (19) patented two processes, one using a solution 
of sodium phosphate, phosphoric acid, and chromic 
acid, and the other using a solution of caustic soda 
and chromie acid. In general, the above processes 
either were intended as answers to specific problems, 
though lacking in other respects, or were compara- 
tively slow processes intended for the treating of cans 
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or flat sheets. None of the processes were entirely suit- 
able for commercial use by the tin-plate manufacturer. 

The advent of World War II gave impetus to the 
search for a satisfactory treatment. To conserve tin, 
it was necessary to substitute lacquered electrolytic 
tin plate for much of the hot-dipped tin plate cus- 
tomarily used. However, because the oxide stability 
and the laequering properties of untreated electrolytic 
tin plate were poor, it was necessary to treat the tin 
plate to improve these properties. 

The most convenient and practical treatment of sev- 
eral that were investigated at that time was a simple 
chromic acid treatment developed by J. G. Donelson 
and E. E. Ketchem (8). This treatment, which was 
originally intended for application to scratch-brushed 
tin plate, also improved the lacquering properties and 
the resistance to discoloration of unmelted (matte) 
tin plate and of melted (flow-brightened) tin plate. 
The chromic acid treatment has been widely used and 
has been instrumental in making feasible the substitu- 
tion of electrolytic for hot-dipped tin plate. In 1942, 
line speeds were about 300 feet per minute; however, 
by 1946, line speeds were 600 to 1000 feet per minute, 
and electrolytic lines were already being designed to 
operate at even greater speeds. For such high-speed 
lines it was anticipated that a more rapid and more 
effective treatment would be required. 

That others were also interested in developing a 
more rapid and a more effective treatment for tin 
plate is evident from the patents and publications of 
the past ten years. For instance, in 1948, C. E. Glock 
(10) reported that subjecting the surface of flow- 
brightened tin plate to a light rubbing action im- 
proved the results obtained by a subsequent cathodic 
treatment in an alkaline phosphate chromate or a 
chromic acid solution. In 1950, A. F. Prust (18) re- 
ported that a steam atmosphere protected a cathodi- 
cally treated surface between treating, rinsing, and 
drying. In 1952, W. D. Poole (16, 17) reported that 
cathodic reduction in an alkaline solution, rinsing 
with water, rinsing with hot dilute chromic acid, and 
again rinsing with water produced a satisfactory sur- 
face on tin plate. Also in 1952, a patent was granted 
for one of the processes described in this paper (15). 
More recently, in 1954, Britton and Angles (4) im- 
proved the treatment originated hy Kerr (12) now 
known as the Protectatin Process and used for treat- 
ing cans in Europe. 

The foregoing review of previous work covers only 
the key patents and publications that constitute the 
historical background of research on tin-plate surfaces 
and is not intended as a complete bibliography. It 
also acknowledges contemporary research that has led 
to processes now being used commercially (8, 15, 17, 
18). 
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The present paper reports investigations to mini- 
mize baking discoloration and to stabilize tin-plate 
surfaces for warehouse storage. 


TEST METHODS AND SAMPLE PREPARATION 
Preparation of tin plate for laboratory experiments. For 


bench-seale work, commercial electrolytic tin plate, which had 
been treated with chromic acid and oiled, was used except, as is 
specifically mentioned, for instances where untreated tin plate 
was employed. To obtain results similar to those obtained with 
freshly produced untreated tin plate, it was necessary to de- 
grease the tin plate with solvent and then cathodieally deoxidize 
and clean the surface in a dilute solution of sodium hydroxide 
or sodium carbonate (2 to 2.5 g. per liter). The cathodic clean- 
ing was accompanied by evolution of hydrogen and was con- 
tinued until the tin surface could be uniformly wet with water. 
If the tin surface beeame etched during the cathodic cleaning, 
the specimen was discarded. 

The bake test. Numerous tests are available for use in 
evaluating tin-plate surfaces, but the main eriterion used in 
the present work for the preliminary screening of the various 
treatments was a bake test in which the tin plate was held in 
air at 420° F. for 1 hour. At room temperature, the rates of 
outward diffusion of tin ions and of the inward diffusion of 
eaygen through the norma! oxide film are not very great. How- 
ever, at 420° F., the diffusion rates are comparatively rapid, 
and heavy yellow-stain will form on untreated tin plate within 
as short a time as 20 minutes. On the other hand, treated tin 
plate is often unchanged in appearance even after 1 hour of 
exposure to the same conditions. 

The comparable amounts of oxide on the tin surface were 
measured before and after baking by using the electrolytic re- 
duetion method described later in this section. Further, since 
the degree of visible discoloration was also of primary interest, 
this was arbitrarily rated on a seale ranging from 0 (indicating 
no diseoloration) to 10 (indicating heavy discoloration, such as 
would be formed on deoxidized, untreated tin plate exposed to 
the same conditions at the same time). 

The humid-storage pack test. Tin-plate specimens approxi 
mately 9 by 6 inches were assembled inte 2 pack sneut 1% 
imehes thick and stored ut 83° relative bawidity and #. 
Uvery 2 weeks, three adjacent specimens were removed from the 
interior of the pack. These were graded for visible diseolora- 
tion, and the oxide values were determined by an electrolytic 
reduction method. 

Oxide determination. A coulometric method was used to 
measure the comparable amount of oxide on the tin plate by 
electrolytic reduction in 0.1 M potassium chloride at a constant 
eurrent of 1.83 milliamperes per square inch. A platinum grid 
was used as the anode. The potential remains constant until 
the reduction is completed, and then changes to the potential of 
hydrogen. The time required for the change in the potential to 
occur is a measure of the amount of oxide present. The data 
are presented as millicoulombs per square ineh of surface re- 
quired for reduction. 

This method was first used on tin plate in 1940 by J. G. 
Donelson and was patterned after the electrochemical reduction 
procedures used in investigating oxide films on other metals by 
Miley (14), Vernon (23), and Campbell and Thomas (5). Quite 
recently, after the completion of the development work de- 
e«cribed in this paper, the procedure was studied by Franken- 
thal, Butler, and Davis (9), and by Willey and Kelsey (24), 
and changes were recommended for greater accuracy. 

The sulfide test. To indicate the resistance of the tin plate 
toe sulfide staining, a simple test was devised in which the tin- 
plate specimens were immersed in a 2% solution of sodium sul- 
fide for 3 hours at room temperature. The degree of staining 
that occurred was arbitrarily rated by use of the following 
seale: 0 (no stain), 3 (light stain), 6 (medium stain), and 10 
(heavy stain). Heavy stain would be on the order of that 
formed on deoxidized, untreated tin plate. This test was sufli- 
cient for screening purposes. 

The solder capillary-rise test. Specimens 1 by 3 inches were 
folded lengthwise to form a tube (3 inches long) having a nar- 
row, elongated teardrop cross section. The tin-plate surfaces at 


the apex of teardrop were in contact, forming a narrow capil- 
lary. The tubes were fluxed by dipping them into melted palm 
oil, and were then inserted into a bath of molten solder (70-30 
solder at 530° F.) to a predetermined depth, held for 1 minute, 
and quenched. The height to which the solder rose above the 
bath level in the capillary was measured. This test, devised by 
Allen (7), is believed to indicate the ability of solder to pene 
trate into the side seam of a tin can better than any other 
laboratory test now known. 

The vinyi-chloride lacquer test. This test was used to show 
whether commercially treated tin plate had a continuous pro- 
tective film at the time of production (or shortly thereafter). 
The test is based upon the thermal decomposition of a clear, 
nonstabilized vinyl-chloride lacquer when it comes in contact 
with a tin surface. Thus, when a continuous protective film 
exists between the tin surface and the lacquer, decomposition 
of the lacquer does not occur and a clear coating is produced. 
But, when freshly abraded areas are exposed to the lacquer, the 
lacquer becomes black in appearance at the point of contact. 
(This test is not valid for tin plate that has been in storage, 
sinee oxide films that form on abraded areas during even a few 
weeks of storage are sufficient to prevent the local decomposi- 
tion of the lacquer.) 

The vinyl-ehloride lacquer was applied to the tin-plate speci- 
mens by means of a Fisher-Payne Dip-Coater. The desired 
coating weight was 8 mg. per square inch. The lacquered panels 
were held in air at room temperature for at least 10 minutes 
and then oven-cured at 330° F, for 10 minutes. 

Because the acid fumes from the decomposition reaction can 
also cause further decomposition of the lacquer, the curing was 
done in an air-cireulating oven to ensure continuous removal of 
the fumes from the oven atmosphere. For the same reason, only 
a few specimens were cured at one time (about 4 panels, each 
3 by 6 inches, can be cured at one time in a 1-cubie-foot oven). 


PROCEDURE AND DISCUSSION 


Bench experiments. From previous experience it 
was known that although the oxide film on a tin sur- 


face can minimize sulfide staining, the oxide film 
continues to grow during storage or during baking. 
To obtain an effective treatment, it was necessary, 
therefore, that the existing oxide either be stabilized 
or entirely replaced with a more stable film. 

As a first step, identification of the oxide films nor- 
mally present on electrolytic tin plate was attempted. 
Electron-diffraction methods failed to do this, but did 
suggest that these thin, invisible oxide films are amor- 
phous rather than crystalline. This observation is in 
agreement with the findings of other investigators (2, 
3, 11), who reported that in the thermal oxidation of 
tin there is a eritical temperature between about 
266° F. and 338° F., below which only amorphous 
oxide is formed. Since these results indicate that an 
amorphous oxide always forms first (11), the difficulty 
in identifying the thin oxide film normally present on 
tin plate is explained. It is believed, however, that 
the oxide immediately adjacent to the metal is stan- 
nous oxide and that some stannic oxide may be present 
in the exterior surface. 

Although the composition of the oxide on the sur- 
face of tin plate was not established, it was known 
that the tin oxides are amphoteric and can form 
heteropoly acids and complex combinations with the 
radicals of vanadic, tungstic, and molybdie acids (22). 
These are members of a group of acidic oxides that 
exhibit a strong tendency to polymerize, to form auto- 
complexes of high molecular weight, and to exist in 
two or more stages of valence within the same solution. 
Chromie and permanganic acids are also members of 
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this group, although permanganie acid exhibits little, 
if any, tendency to form complexes. On the other 
hand, phosphoric, boric, and arsenic acids are known 
to serve as other acid radicals in forming heteropoly 
acids with the above acid-metallic oxides. Since most 
of these compounds are capable of polymerizing and 
of interacting with the tin oxides, it was believed that 
one or more would aid in forming a thin, continuous 
film that might serve as a barrier to retard further 
oxidation of the tin. 

Accordingly, solutions containing these compounds, 
either alone or in simple combinations, were used ex- 
perimentally for immersion treating and for electro- 
lytic treating of tin plate. All possible combinations 
were not studied. In these experiments, chromate, 
vanadate, molybdate, tungstate, and mixtures of these 
with phosphate were promising. However, because of 
better availability and lower costs, development work 
was limited to chromate and chromate-phosphate 
solutions. 

In one series of experiments, untreated tin plate 
was immersed in 0.1 M sodium dichromate solution 
for 5 seconds at room temperature, rinsed with water, 
and dried. This simple treatment improved the re- 
sistance of the tin plate to the discoloration that forms 
when the tin plate is baked for 1 hour at 420° F. How- 
ever, the discoloration that did oceur was distributed 
over the surface in a nonuniform pattern of spots, an 
indication that the continuity and structure of the 
protective film might be adversely affected by the 
oxide beneath it. 

Consequently, different methods of removing the 
existing oxide before passivating the tin plate were 
experimented with. Of several methods tried, electro- 
lytic reduction was the most promising. The reduction 
was accomplished in a solution containing 2.5 g. per 
liter of sodium carbonate, residual alkali being re- 
moved by water rinsing. The tin plate was then passi- 
vated in 0.1 M sodium dichromate as described in the 
preceding paragraph. Tin plate treated in this way 
was more uniformly resistant to baking discoloration 
than the specimens that had not been deoxidized be- 
fore treating. Subsequently, it was learned that the 
degree of protection obtained could be improved by 
increasing the treating time or the temperature of 
the treating solution, but that increasing the concen- 
tration of the treating solution had little effect. How- 
ever, the degree of protection obtained with rapid 
treatments of the order of 1 or 2 seconds was not 
thought to be sufficient for commercial purposes. 

Although the treatment described above was not 
considered satisfactory for commercial use, the degree 
of protection was superior to that obtained previously. 
As a further step, therefore, the electrolytic reduction 
was next performed directly in the dichromate solu- 
tion. Upon cessation of the cathodic action, reoxida- 
tion would then take place while the tin surface was 
in contact with the passivating solution. Protective 
films formed in this way had good resistance to baking 
discoloration even though the treating time was very 
short. 

Beeause slightly thicker or denser films might be 


more resistant to discoloration and perhaps less sensi- 
tive to handling, the possibility of forming such films 
by carefully controlled anodic oxidation, subsequent 
to the cathodic reduction and in the same passivating 
solution, was investigated. The results of many ex- 
periments have shown that to produce the most satis- 
factory films, the anodic current density should be 
low. For example, when anodic oxidation was con- 
tinued for 14 second, films formed by using 5 to 6 
amperes (2.5 to 3 coulombs) per square foot had good 
resistance to storage stain and to baking discoloration, 
and were reasonably resistant to sulfide stain and to 
abrasion. Anodic films formed by using 5 to 6 amperes 
per square foot for 1 second (5 to 6 ecoulombs) had 
somewhat better resistance to abrasion, to sulfide 
staining, and to attack by dilute acids; however, the 
adherence of a few lacquers is apparently affected by 
any degree of anodic treatment. On the other hand, 
films formed by using anodic current densities of 
about 30 amperes per square foot for 1% second (15 
coulombs) were somewhat less satisfactory, and films 
formed by using current densities such as 90 amperes 
per square foot for 4% second (45 coulombs) were 
more porous and less protective. 

Attempts have been made to identify the individual 
components of the protective films by electron-diffrac- 
tion methods. Although these were not successful, it 
was observed that the films are probably amorphous. 
Other investigators (3) have recently succeeded in 
stripping the films but have not identified the com- 
pounds present. The authors suggest that the films 
are largely solid, insoluble complexes of indefinite 
composition, and it is doubtful, therefore, whether the 
films can be defined with a satisfactory degree of cer- 
tainty. The effect of the cathodie reduction of the tin 
oxide and also of the nascent hydrogen produced 
probably leads to the formation of hydrated chromic 
oxide in the solution film at the tin surface. Also, 
upon cessation of the cathodic reduction, particularly 
when followed by anodie oxidation, stannous ions 
would be formed. However, the stannous ions would, 
in turn, be largely oxidized to stannie ions with an 
accompanying reduction of additional hexavalent 
chromium. The protective films, therefore, probably 
contain tin in more than one stage of valence, where- 
as the chromium is thought to be largely in the tri- 
valent form. 


PILOT-LINE TRIALS 


After completing the bench-scale experiments dis- 
cussed above, a number of pilot-line trials were made. 
These were primarily intended to establish the de- 
sirability of installing the treating process on a com- 
mercial line and to compare the protection offered by 
different treatments. This pilot line operated at a 
speed of 450 feet per minute in tinning and treating 
steel strip 6.5 inches wide. The schematie arrange- 
ment of the units in the line is shown in Figure 1. 
Two treating tanks were available for the trials. The 
first immediately preceded and the second immedi- 
ately followed the melting tower (where the tin coat- 
ing is heated slightly above the melting point and 
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Figure 1. Diagram of the pilot line. 


then quickly cooled by immersion in water). Both 
treating tanks were equipped for either chemical or 
electrochemical treating, and the arrangement of the 
tanks permitted experimental filming either before or 
after melting, or at both times. 

Data for a few of the treatments that were pro- 
duced on the pilot line are shown in Tables 1 and 2. 
A comparison of the data for tin plate treated by 
other processes, Table 1, with the data for tin plate 
given the cathodie or the cathodic-anodie treatments 
directly in a dichromate solution, Table 2, illustrates 
the superiority of the latter two treatments in mini- 
mizing the discoloration caused by baking or by con- 


TABLE 1 


Comparison of chemical and electrochemical treatments 
(pilot line) 


j 
Oxide values, | 


millicoulombs/ | Visible 
aq in diseclor-| Sulfide | Solder 


ation | discolor. |capillary 
after ation* rise, in 
baking* 


Trial Treatment 
As After 
made | baking | 
| 
Untreated 20 100) 
Chromic acid 16 65 mw 
treated 
Cathodic treated 
before melting 
Cathodic treated 
before melting, 
chromic acid 
| after 
Cathodic cleaned 
| and chromic 
acid treated } 5 


‘Oo no discoloration, 10 heavily discolored. 
Treating conditions 
Trial 2, Chromic acid 0.7% at 180° F, 
Trial 3. 30 amp./sq. ft., in 0.5% NasPOs and 6.2% NagCreO; 
2 HeO at 100° F 
Trial 5. 30 amp./sq. ft., in 0.5% NasPOs HeO rinse, chromic 
acid treat, HeO rinse 


TABLE 2 


Ele -trochemical treatment in 1.35 per cent dichromate 
(pilot line) 


Oxide values, |... | 
| millicoulombs/ | Visible 
aq. in |diseolor- | Sulfide Solder 
ation jdiscolor- | capillary 
after ation* rise, in. 
baking* 


Treatment 
As | After 
made | baking 
Chromic acid | 
control | 15 | 80 
Cathodic only 7 18 
Cathodic-anodic, 
3 coulombs 
Cathodic-anodic, 
5 coulombs 
Cathodic-anodic, 
10 coulombs 


18 0 


*o no discoloration, 10 = heavily discolored. 
Treating conditions 
Oathodie current density: 90 amp./sq. ft. 
Line speed: 450 f.p.m. 
Solution temperature: 100 F. 
For the control lot, the solution contained 0.7% chromic acid at 
180° F. 


tact with solutions containing sulfur. The data also 
show that these two treatments did not adversely 
affect the solderability of the tin plate. 


COMMERCIAL ADAPTATION 


During the commercial adaptation of these proc- 
esses, it was learned that abrasion arising from 
mechanical sources could be a detrimental factor. In 
fact, observations indicated that the protective films 
formed by all treatments are apparently fragile when 
freshly prepared, although partial removal of a pro- 
tective film is not as apparent with an inefficient treat- 
ment as with a good treatment. Fortunately, it was 
not difficult to minimize mechanical abrasion to the 
point where it was no longer of commercial signifi- 
cance. An example of an unusually severe abrasion 
pattern obtained before the elimination of this diffi- 
culty is shown in Figure 2. (The long black streak 


Figure 2. Abrasion of tin plate. 
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observable in the photograph was made by rubbing 
the tin surface with a rubber eraser immediately be- 
fore lacquering in order to show the effect of local 
removal of the protective film.) On the other hand, 
the stability of representative samples of dichromate- 
treated commercial tin plate is shown by the oxide- 
growth curves presented in Figure 3. 
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HUMID STORAGE, WEEKS 
Figure 3. Oxide growth on commercial tin plate, dichromate 
treating solution. 


Results of tests such as those just discussed strongly 
indicated that the surface stability of commercial elec- 
trochemically treated tin plate was very good. The 
data were obtained, however, by the use of accelerated 
tests, such as the humid-storage pack test. To deter- 
mine the effectiveness of the various treatments in 
preventing surface deterioration under actual com- 
mercial conditions, an extensive series of warehouse- 
storage tests was made. In these tests, bundles of 
treated tin plate were stored under hot, humid condi- 
tions in a warehouse near the Gulf of Mexico. 

More than 100 sample lots, including various coat- 
ing weights of tin and both matte and flow-brightened 
tin plate, were obtained from 15 tin-plating lines. The 
variations in surface stability obtained within the 
various lots of each treatment are shown in Figures 4, 
5, and 6, and the humid-storage test results are sum- 
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Figure4. Oxide growth during warehouse storage, cathodic- 
dichromate treated tin plate. 
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Figure 5. Oxide growth during warehouse storage, cathodic- 
anodic dichromate treated tin plate. 
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Figure 6. Oxide growth during warehouse storage, chromic- 
acid treated tin plate. 


marized for each treatment in Figure 7. These data 
show that commercial tin plate treated electrochemi- 
cally in dichromate solution has more resistance to 
warehouse discoloration than tin plate treated in other 
ways and is remarkably uniform in quality. Also, it 
was observed that the electrochemical dichromate 
treatments were effective with both matte and flow- 
brightened tin plate and that they were the only treat- 
ments that adequately protected the heavier tin coat- 
ings such as 1.00 pound per base box. 

There are many limiting conditions that must be 
met in treating tin plate. The protective film must be 
invisible, must be easily applied and controlled, and 
yet must offer adequate protection. Also, the film 
must not adversely affect the life of the can, must not 
adversely affect the adhesion of the organic finishes 
used by the can industry, and must not adversely 
affect solderability. 

These restrictions are so broad that some compro- 
mise has always been required, regardless of the 
method of treatment. In the present instance, there 
are a few lacquer systems that are not entirely satis- 
factory when used with these electrochemically treated 
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Figure 7. Oxide growth, humid-storage test. Average values 
for warehouse-storage samples. 


films, although the protective film formed by the 
cathodic treatment is apparently more satisfactory in 
this respect than that formed by the eathodic-anodic 
treatment. Also cathodically treated tin plate ap- 
proaches cathodic-anodie treated tin plate in stability 
and is considerably more stable than chromic acid 
treated tin plate. The cathodic treatment is, therefore, 
being used commercially. However, it is hoped that 
new lacquers may be developed to replace thove few 
with which the eathodie-anodic films are not entirely 
satisfactory, so that the superior properties of these 
films may be fully utilized. Meanwile, research is 
continuing in an attempt to produce protective films 
that are satisfactory with all the usual tin-plate lae- 
quers and enamels, 


SUMMARY 


Treatments to minimize baking discoloration and 
warehouse deterioration of tin-plate surfaces were in- 
vestigated. Several reagents were found to be effective 
for this purpose. Of these, sodium dichromate was the 
most practical for commercial use. However, the pro- 
tection obtained is limited if the normal air-formed 
oxide lies beneath the protective film. Therefore, it is 
desirable to remove the existing oxide and then re- 
place it with the protective film. This is best accom- 
plished by cathodic reduction in the  passivating 
solution followed by chemical or electrochemical oxi- 
dation in the presence of the passivating agent. 

Protective films formed on tin plate by either of 
these methods, though invisible and very small in 
thickness, previde an effective barrier between metal 
and oxygen. Films formed by the electrochemical re- 
duction and reoxidation method, however, are more 
stable, more resistant to sulfide staining, and more 
resistant to attack by dilute reagents. On the other 
hand, films formed by this method are not entirely 
satisfactory with a few lacquers used by the can indus- 


try. Although research is continuing in an attempt to 
produce protective films that are satisfactory with all 
tin-plate lacquers, it is hoped that new lacquers may 
be developed that will permit utilization of the pro- 
tective films most resistant to oxidation. 
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Relationships Between pH, Tenderness, and 


Moisture Levels During Early Post-Mortem 


Aging of Turkey Meat~* 


(Manuscript received June 3, 1959) 


F'nom PREVIOUS WORK in this labo- 
ratory (8) it must be assumed that temperature and 
water play an important role in post-mortem tenderi- 
zation of poultry meat. Poultry has been shown to 
tenderize more rapidly in cooler temperatures (8, 16), 
whereas the reaction has been shown to be opposite in 
beef (6, 22). Poultry has also been shown to tenderize 
more rapidly in water than in air at the same tempera- 
tures (8). Whether it is due to more rapid cooling 
rates in water or because of hydration of the tissue has 
not been established. Several workers have suggested 
that moisture in the tissue is important and further- 
more that the moisture can be broken down into ‘‘free 
moisture’’ and ‘‘ bound moisture’’ (1, 8, 19, 20, 21). 

The difference between free moisture and bound 
moisture would be relative, depending on how much 
foree was applied for extraction. Under a high source 
of energy more water could be forced from the tissue 
and possibly classified as free water. Bound water is 
electrostatically bound primarily to the minerals and 
various protein molecules in the tissue, but of course 
with unequal bond strengths. The free water would 
be that absorbed by the tissue and held there by 
secondary forees—such as dipole-dipole induction, 
capillary action, surface attractions, and hydrogen 
bonding (19). 

Wierbicki and Deatherage (19) developed a method 
of free water determination in raw lean beef. 

Several authors have reported relationships existing 
between pH and acceptability of red meats (4, 19). 
Due to post-mortem lactie acid buildup the pH natu- 
rally would decrease (9), but factors affecting the 
variability of decrease in poultry meat have not been 
reported, nor have the relationships between pH and 
poultry meat tenderness. 

A series of experiments was designed to investigate 
the tenderness problem further and attempt to dis- 
cover why cooler temperatures and aging in water 
produce more rapid tenderization. Attempts were 
made to find out what relationships existed between 
pH, total and free moisture levels in the meat and 
tenderness. Turkeys were used in these experiments 
because of the larger number of samples obtainable 
from one carcass. 


* Presented at Nineteenth Annual Meeting, Institute of Food 
Technologists, Philadelphia, Pennsylvania, May 19th, 1959. 

» Journal paper No. 1437 of the Purdue Agricultural Experi 
ment Station. 
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GENERAL PROCEDURE 


Sample preparation. The turkeys used in each experiment were 
slaughtered by cutting the earotid artery on the left side of 
the neck and were allowed to bleed for 90 seconds. They were 
then sealded, 2 to 5 birds at a time, for 50 seconds at 140° F. 
(60° C.), and picked in a free-style picker for 55 seconds with 
tap water being sprayed over the carcasses. The carcasses were 
then eviscerated using as little water as possible exeept for 
washing purposes. Carecasses were distributed at random to 
the various aging treatments. 

At the end of each aging period carcasses were removed for 
further evaluation. The breast was removed and the left side 
was cut off for studies on uncooked meat. The right side was 
removed and tightly wrapped in a two sheet covering of 0.0015 
gauge aluminum foil and roasted for 2 hours at 325° F. 
(163°C.). The meat was cooled for 20 minutes at room tem- 
perature but tightly wrapped before sampling and testing for 
tenderness. Eviscerated weights and cooled weights were taken 
to caleulate the water uptake or loss during aging. 

Tenderness evaluation. The tenderness measurements reported 
are the averages of 3 samples each sheared on a Kramer shear 
press. Samples were 2.0 em. by 6.6 em. by 1 em. in size from 
the pectoralis major musele. Shear force values were caleulated 
as pounds per gram of sample, 

pH determ‘nation. Immediately following extraction of the 
whole musele, pH was determined in vitro on the raw musele, A 
25-30 g. sample was mixed to a slurry with 50 ml. of distilled 
water in a Waring blender. pH was then read from a Leeds 
Northrup pH meter. Different amounts (25 and 100 ml.) of 
distilled water were tried with no effect on the pH readings. 

Water determination. A rapid method for moisture determina- 
tio: was sought. Methods tried were lyophilization, toluene 
distillation, and vacuum oven drying. The method found most 
satisfactory for this work was toluene distillation. Between 5 
and 8 g. of chopped meat were rapidly weighed on an analytica! 
balance, placed in a distillation flask, and covered with toluene. 
The samples were distilled for 3 hours. Care was taken that no 
moisture be left in either the condenser or Bidwell-Sterling 
receiver by constant washing with toluene and cleansing with a 
rubber covered glass rod. Three samples from varying parts of 
the pectoralis major musele were run on each carcass, The re- 
sults of the 3 determinations were averaged to give a moisture 
determination for each muscle. 

Free water determination. The method for free water deter 
mination was that of Wierbicki and Deatherage (19). Immedi- 
ately following the whole muscle extraction from the bird a 
large slice was cut from the center of the pectoralis major. 
This slice was immediately wrapped in aluminum foil and 
placed in a refrigerator at 35° F. for 15 minutes. Three sam- 
ples (400-600 mg.) were cut from the slice, weighed on No. 1 
Whatman filter paper (previously held over saturated KCl 
solution in a desiccator) and pressed for 1 minute at 500 p.s.i. 
between plexiglass plates on a Carver Press. The 3 determina- 
tions thus obtained were averaged for the careass free water 
determination. 


EXPERIMENTAL PROCEDURE AND RESULTS 


Five experiments were conducted with slight variation in 
the procedures given above. 
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Experiment I 
Procedure. Twenty-four, 13,month-old Broad White turkey 


hens were used in this experiment. These were divided into 2 
replicates of 12 birds each. The carcasses were then subjected 
to 70° F. still air for approximately 45 minutes while thermo- 
couples were placed at uniform depths of one-half inch in the 
breast muscles for temperature measurement. Treatments were 
variations in aging time and media. Two turkeys selected at 
random were aged for 2, 6, or 10 hours in either water or air 
(90% relative humidity) at 35° F. Air movement was at about 
20 ft. per minute around the carcass. 

Results. As might be expected there was a significant differ 
ence in tenderness between the aging times (5, 8, 10, 12, 18, 16). 
However, no effeet on tenderness was observed after any of the 
aging times that could be attributed to the water treatment in 
comparison to air. The question arose as to what effect the air 
at room temperature had on the careasses before they wer 
subjected to aging treatments. All tenderness measurements 
were relatively high indieating less tender meat than usually 
experienced, 

The rate of cooling in the carcasses aged in water was much 
more rapid than those aged in air as would be expected. All 
careasses avernged @4.5° F. before being subjected to the aging 
treatments. The carcasses aged in water reached 40° F. in 152 
minutes aad those aged in air reached 40° F. in 256 minutes. 
All those aged i lost moisture; those aged in water picked 
up moisture. 7° ore, it is difficult to conelude that differ- 
ences in moistauce contest contributed to tenderness during tae 
uging period 


inxperiment II 


Procedure. ij ini replications of 12, 13-month-old Broad 
White turkey hens were run. The eareasses were distributed 
at random to one of the three treatments. In the first treatment 
the eareasses were placed in slush ice for one hour immediately 
after picking. They were then eviseerated and placed back in 
slush ice. In the seeond treatment the birds were eviseerated 
immediately after picking and placed in slush ice. In the third 
treatment the birds were immediately eviseerated, held at 
70° F. for ove hour in air and then placed in slush ice for the 
remainder of the aging period. The aging periods from the 
time of picking until the time of cooking were 6 hours and 10 
hours. At the end of the aging periods the eareasses were re- 
moved from the slush iee, drained for 3 to 4 minutes, and then 
weighed, 

Results. Treatments administered in this experiment were due 
to the results obtained in Experiment I. The results of the 
experiment are shown in Tables 1 and 2. 

As would be expected, time is again a significant tenderizing 
factor. Tenderness was also shown to be affected significantly 
by the aging treatments. In Table 2 it ean be seen that the 
average tenderness scores for treatments 1 and 2 are nearly 
equal, whereas the average score for treatment 3 is consider- 
ubly higher. This indicated that holding the eareass in air 


TABLE 1 


An analysis of variance, Experiment II, in which mature turkeys 
were given three aging treatments to determine the effect 
of moisture on tenderness 


F values 


Source of variance df 


Time of aging 

Treatments 

Replications 

Time treatment... ose 
Time treat. x 
Error.. 

Total sum of squares 


cay 


F values needed for significance (17): 


05 level of 


probability 


df. | 0.1 level of 


probability 
441 

$3.55 

2.93 


TABLE 2 
Average tenderness scores for treatments, Experiment II 


Aging 4 | Replica- 
times | Scores Treatments ; § | tions Scores 
Treatment 1 20.7% | 25.13 
Treatment 2 | 2.6% | : 18.07 
Treatment 3 28.7: g 26.86 


6hours | 27.20 
10 hours 19.54 


before immersion in slush ice caused the meat to be less tender 
eve after the 10 hours of aging. The average amount of 
water uptake per bird for treatments 2 and 3 were very similar, 
being 4.1 and 3.7%, respectively, In treatment 1, however, 
the average water uptake per bird was 5.9%. Sinee the aver 
age tenderness scores were nearly equal in treatments 1 and 2, 
the effect of water uptake as a tenderizing mechanism is not 
clearly shown here. During the period when the careasses of 
treatment 3 were held in air before immersion in slush ice the 
average moisture loss per bird was .94% by dehydration. This 
might give some insight into the cause for the less tender birds. 


Experiment III 


Procedure. Twenty, 15-month-old Broad Breasted Bronze 
female turkeys were used in this experiment. These were 
slaughtered, sealded, and picked as in Experiment I. After 
picking, the carcasses were placed in slush ice, eviscerated, 
weighed, and then placed back in slush ice for aging periods 
of 0, 2, 5, 8, and 12 hours, and then weighed again. The ear 
cusses tested without aging were tested within 10 minutes after 
picking. After the aging period the right side of the breast 
was removed for pH and water determinations. The remaining 
portion of the breast was roasted in aluminum foil for 3 hours 
at 310° F. in a reel-type oven. Four replications of 5 birds 
each were run, 

Results. The results of this experiment are shown in Tables 
3 and 4. 


TABLE 3 


Averages of raw data, Experiment III, in which 20 mature 
turkeys were aged in water at 32° F. for 
0, 2, 5, 8, and 12 hours 


Hours 
pH 


Tender- | 
aged | 


Av. % 
ness Free HzO 


| 


| 


ned 


2 | 


TABLE 4 


Relationships between tenderness, pH, and “% free water in mature 
hen turkeys aged for 0, 2, 5, 8, and 12 hours post-mortem 
in water—calculated on individual bird scores 


Degrees of 
freedom value 


Combinations 
Tenderness * % rate 18 
pH x % free water 18 


—.6956** 


** Significance at .01 level of probability (17). 


Experiment IV 


Procedure. This experiment was conducted on 15, 15-month 
old male Broad Breasted Bronze turkeys. Three replications 
were run on 5 birds each in which careasses were aged uncovered 
in air at 35° F. for 0, 2, 5, 8, and 12 hours. 

Results. The results of Experiment IV are shown in Tables 5 
and 6. 

Experiment V 


Procedure. Thirty-six, 18-week-old Broad White turkeys were 


used in this experiment. The experiment was divided into 3 
replications of 12 birds each. Within each replication birds 
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EARLY POST-MORTEM 


TABLE 5 


Averages of raw data, Experiment IV, in which 15 mature tom 
turkeys were aged in air at 32° F. for 0, 2, 5, 8, and 12 hours 
Hours Tender- | 9 
| pH | | loss Free HeO 


%HO | Av.% | Av. % 
| 
31.4 


0 6.40 ’ 
: 6.20 | ¢ 2 f 36.9 
5.83 32 | 1.4 5. 37.4 
5.87 1 39.8 
5.83 1 40.7 


TABLE 6 


Relationships between tenderness, pH, and “% free water in 
mature turkey toms aged in air at 35° F. for periods of 0, 2, 
5, 8, and 12 hours—calculated on individual bird scores 


| Degrees of | 


r values 
freed »m 


Combinations 
3 -7058** 
3 —.4425 
3 0619 


Tonderness X pH......... 
pli x fiee water.. 
Tenderness * % free water............ 


**Sicnificance at .01 level of probability (17). 


were assigned at random to water and air treatments, aging 
periods, and testing treatments (i.e. first or second tested with 
in aging time, left or right side of breast cooked for tenderness 
measurement). In each replication one bird was aged in slush 
ice at 32° F. and one bird was wrapped in polyethylene and 
aged at 32° F. in air for each of the assigned aging periods of 
2, 5, 8, 12, and 16 hours. Within each replication two birds 
were tested with no aging treatment. 

Results. The results of Experiment V are shown in Tables 7, 
8, and 9, 


TABLE 7 


Combined averages of raw data, Experiment V, in which 36 
young turkeys were aged in air (packaged) and water 
at 32° F. (0° C.) for periods of 0, 2, 5, 8, 12, 
and 16 hours post-mortem 


Treatment 
H Tende Yo HeO 
Condi Time I ness 2f P change 


tion hours 


Air | 0 
Water | 
Air 
Water 
Air 
Water 
Air 
Water 
Air 
Water 
Air 
Water | 


ts 


DISCUSSION 


The results of the first two experiments indicate 
that the more rapid tenderization found by aging in 
water can be attributed neither to water uptake nor 
cooking rates. These results were borne out again in 
Experiment V when the packaged carcasses aged in 
air tenderized more rapidly than unpackaged car- 
casses aged in water, even though there were gross 
differences between water uptake and loss between the 
two treatments. Moreover, the tenderizing effect pro- 
duced by aging in water appears to be largely due to 
the prevention of dehydration on the hot carcass. As 
is shown in Tables 5 and 7 the dehydration is greater 
in the early periods of aging and is apparently fol- 
lowed by a rehydration. However, this rehydration 
seemingly does not correct the damage done by the 
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dehydration as the toughening effect is observed after 
10 hours of aging. It should be remembered that these 
were mature, well finished turkeys. In younger birds 
or carcasses with less finish the effect would probably 
be more pronounced. 

In Experiments III, IV and V the only consistent 
result produced was that early post-mortem tenderi- 
zation was closely associated with pH. The correlation 
coefficients are high enough in these instances to sug- 
gest a fpirly strong relationship. Certainly, one would 
expect fe pH to decrease with time after slaughter 


i 
TABLE 8 


Relationships ' between pH, per cent free water, per cent total 
water, and tenderness, Exper'ment V 


Deg ees of 


valuos 
freedom oe 


Combinations 
Whole test averages 
Tenderness scores pH 10 .8927** 
Tenderness scoies % total He@..... | 
Tenderness scores free 56908 
pH X % free He... | 4550 
Individual scores 
Tenderness scores * pH...... ‘ .8209** 
Tenderness scores % total HeQ......... 34 2138 
Tenderness scores * % free Hz@..... 
pH X % free HeO .4206* 


‘Figures are for relationships found using both individual scores 
and averages for the whole test 
**Significance at .01 level of probability 17 
*Significance at .05 level of probability 


(9), and also the tenderness to increase. The close 
association, however, could suggest a simple explana- 
tion to more rapid tenderization at lower tempera- 
tures. The pH decrease is due to post-mortem glycoly- 
sis producing a build up of lactic acid in the tissue. 
Glycolysis is an exothermic reaction (9), and there- 
fore if the by-product heat could be dissipated more 


TABLE 9 


Analysis of variance on tenderness scores, Experiment V 


Source of-variance df m.s 
Time... ‘ 5 696.6 
Water vs. air... 1 
Replications........ 2 
Times X water vs. ail 5 

2 


29.7 
i 

» 


Errof....... 2 
3 
3 


Total sum of squares 6970 


*Denotes significance at .01 level of probability (17). 


rapidly from the tissue, the glycolysis should be more 
complete. The reason that this temperature reaction 
has not been found in beef might possibly de that most 
tests on beef have not been initiated soon enough after 
slaughter to pick it up (4, 6, 14, 22 

The close association of pli and early post tucctem 
tenderness suggests that glycolysis is an integral part 
of early post-mortem tenderization. This would sub- 
stantiate the findings of some workers in the field of 
red-meats (2, 3, 4), and helps tie together many 
theoretical considerations given to the tenderness 
problem—such as ATP depletion and protein altera- 
tions (2, 3,7, 9, 11, 14, 18, 20). 

As can be seen from the results of Experiments III, 
IV, and V the per cent free water in the tissue, and 
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1 4 
— 
! 
| 
7 
706 | 34.5 | 0 
| 70.0 38.3 | 0 
| 74.1 32.3 —0.5 
| tae | 8.7 
| 71.9 42.6 | —1.6 ra 
| 72.3 39.3 3.0 
73.2 34.0 —0O.8 
74.2 39.5 5.7 4.65** 
71.2 41.6 —0.8 55 
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the per cent total water in the tissue (within the ex- 
perimental considerations) had little effect on tenderi- 
zation during the period studied. The amount of free 
water in the tissue was greater for the birds aged in 
water than those aged in air, with one exception, even 
though the tenderness was not apparently affected by 
these differences. Possibly at longer aging times the 
per cent free water in the tissue would prove to exert 
some influence on tenderness, but this influence would 
be expected to be small. 

As can be seen in Experiments III and V the water 
uptake was not shown in the moisture analysis of the 
meat indicating that mos. f the moisture is absorbed 
by the skin and fatty layers under the skin of the 
turkey carcass. 

SUMMARY 

Five experiments were conducted on turkeys to 
study the relationships between moisture levels in the 
meat, per cent free moisture in the meat, cooling rates, 
water uptake, pH, and post-mortem tenderness. 

Water uptake and rates of cooling were not shown 
to affect tenderness, whereas dehydration on hot car- 
casses was found to produce a toughening effeet which 
could not be aged out of the meat. Tenderization dur- 
ing early post-mortem periods was found to be closely 
associated with pll. Total moisture content of the 
tissue did not appear to be associated with water up- 
take, nor was it shown to be related with tenderness. 
Per cent free moisture in the meat was found to be 
associated with pH in one instance, but for the post- 
mortem period studied it did not appear to be related 
to tenderness. 
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Anthocyanase Activity and Its Possible 
Relation to Scald in Sour Cherries 


(Manuscript received May 21, 1959) 


Sous OF SOUR CHERRIES (Prunus 
cerasus) has been shown to be caused by a combination 
of bruising and time-temperature effects related to 
picking, transportation, and other pre-processing con- 
ditions (8). This phenomenon is characterized by a 
migration of the red anthocyanin pigment from the 
skin into the flesh of the fruit, followed in turn by the 
loss of the pigment and the appearance of a brown 
discoloration. 

As pointed out by LaBelle (8) it is important to 
differentiate between scald and the subsequent brown- 
ing of cherries. The latter is believed to be the result 
of an enzymatic oxidation, which normally follows 
disruption of cellular structure, whereas scalding is 
typified by a loss of anthocyanin whether browning 
occurs or not. 

Enzymes capable of destroying anthocyanins have 
been found in fungi (4, 5, 6) and in higher plants (2, 
10). The fungal anthoeyanase, now commercially 
available, has found application in the removal of 
unwanted excessive amounts of anthocyanins in such 
produets as blackberry wine, and blackberry jams 
and jellies (12). 

This report is concerned with an enzyme system in 
sour cherries capable of causing the destruction of 
anthocyanins and a consideration of some of its 
properties. The anthocyanase activity of several va- 
rieties of sweet cherries and of several types of ber- 
ries was determined at various stages of maturity. 


MATERIALS AND METHODS 


The various fruits used in this study were obtained from the 
Experiment Station orchards and farms. These were employed 
both as fresh fruit and following frozen storage at —i5° C. 
Crude anthoeyanase preparations were made from fresh or 
frozen fruit as follows. The fruit was destemmed and washed, 
the flesh sliced away from the pits (if any), and 10 to 25 g. 
samples homogenized with four times the weight of cold dis 
tilled water in a chilled Waring blender. The blending was 
stopped after 30 seconds and particles adhering to the walls of 
the blender were seraped down into the liquid. Blending was 
then continued for an additional 90 seconds. 

The activity of the enzyme was determined in a manner 
similar to that used by Bayer and Wegman (2) in studying 
Coleus ecyanin oxidase. The method consists of adding the 
enzyme suspension to 1 ml. of citrate-phosphate buffer (M 
citrie acid adjusted to pH 5.8 with M K,HPO,), 0.3 ml. of 
0.1M eatechol, 1 ml. of anthocyanin in 0.01 N HCl and sufficient 
water to make a total of 3 ml. A 0.5 mi. aliquot was withdrawn 
* Presented at the Philadelphia Meeting of the Institute of 
Food Technologists, May 18, 1959. 

» Approved by the Director of the New York State Agricul- 
tural Experiment Station for publication as Journal Paper 
No. 1181. 


A. C. Wagenknecht, 
D. M. Scheiner and 
J. P. Van Buren 


New York State Agricultural Experi- 
ment Station, Cornell University, 
Geneva, New York 


immediately after adding the enzyme and pipetted into 5 ml. 
of N HCl. The rest of the mixture was incubated with slow 
shaking on a Dubnoff shaker at 30° C. and aliquots transferred 
into 5 ml, of N HCl after suitable times. The optical density 
(OD) at 510 mp was then determined for each sample using a 
Bausch and Lomb Speetronie 20 photometer, and the loss in 
iight absorption used as a measure of relative enzyme activity. 

Dry weights were determined by allowing 10 ml. of ho- 
mogenate to air dry in tared Petri dishes, followed by desicea- 
tion over P.O; to constant weight. 

The anthocyanin substrate was antirrhinin, prepared from 
sour cherries by the method of Li and Wagenkneeht (9). The 
antirrhinin concentration was adjusted so that the unreacted 
control flasks had an OD at 510 mu of 0.75 when diluted with 
10 volumes of N HCl. 

Studies on oxygen consumption were made in the Warburg 
respirometer at 30°C, Ali flasks contained 1 ml. phosphate- 
citrate buffer, pH 5.7, 1 ml. anthocyanin in 0.01 N HCl, and 
water plus various additives to make a total volume of 4.2 ml. 
The center well contained 0.2 ml. of 20% KOH to absorb CO). 

Sour cherry anthocyanase was partially purified as follows: 
75 g. of anhydrous ammonium sulfate was added to 150 ml. of 
press juice (prepared from frozen pitted cherries) and allowed 
to stand for several hours at 4° C. The mixture was centrifuged 
for 15 minutes at 2000 r.p.m., the supernatant liquid decanted 
and disearded. The precipitate, when taken up in 20 ml. dis- 
tilled water, gave a cloudy suspension. Therefore, the mixture 
was centrifuged as before and the precipitate was resuspended 
in 20 ml. distilled water and used as such. 

For purposes of comparing the relative anthoeyanase activity 
of the various fruits and berries used in this study, a unit of 
anthoeyanase was defined as the amount of enzyme which 
caused a change of 0.01 units of OD at 510 mu in 5 minutes at 
30° C, The relative activity was expressed in activity units per 
100 mg. dry weight. 

Glueose oxidase, obtained from Worthington Biochemical 
Corporation (Freehold, N. J.), was capable of consuming 
400 wl, O» per hr. per mg. (3). While it had a Kat f of 17.8, it 
allowed the accumulation of enough H.O, to support the oxida- 
tion of guaiacol as catalyzed by cabbage peroxidase. 


RESULTS 


It has been found that extracts of sour cherries (Prunus 
cerasus, var. Montmorency) can cause the enzymatic decom- 
position of anthocyanins, Anthoeyanase activity has been dem- 
onstrated in press juice of fresh fruit and also in homogenates 
and acetone powders prepared from fresh or frozen cherries. 
The pH optimum in phosphate-citrate buffer was shown to be 
in the range of pH 5.7 to 6.0 in agreement with that shown for 
Coleus eyanin oxidase (2). 

Catechol enhances the activity of sour cherry anthocyanase, 
nearly doubling the enzymatic activity of homogenates prepared 
from fresh cherries. The need for added catechol became 
greater as the enzyme system was purified by means of am- 
monium sulfate precipitation, Table 1. 

Catechol at a concentration of 0.01 M was found to be most 
effective in enhancing anthocyanase activity of press juice 
enzyme preparations. Higher or lower concentrations resulted 
in lower enzyme activity, Table 2. 
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TABLE 1 
Effect of added catechol on sour cherry anthocyanase activity 


Change in OD at 
510 main5 min. 


Cherry press juice, 6.2 ml 
Catechol, 0.007M. cane O44 


No added catechol... 0.25 


Purified enzyme, 0.2 mil 
No added catechol. 0.02 


Hydrogen peroxide can bring about destruction of antho 
eyanins (77). This nonenzymatic destruction by was 
demonstrated using purified sour cherry anthocyanins. It was 
considered possible that catechol functioned by providing H.O. 
through an oxidative process. In order to test this possibility, 
the glucose-glucose oxidase system (J), which consumes oxygen 
and produces H.Qs, was employed as a continuous source of low 
concentration levels of H.Q., similar to those which might be 
provided by eatechol oxidation. Overall oxygen uptake was 
compared with anthocyanin destruction during av incubation 
period of 45 minutes using Warburg respirometers, Table 3. 
The results indieated that while the glucose-glucose oxidase 
system did cause some increwse in decolorization of anthocyanin, 
the extent was much less than that seen when only catechol 
aud cherry anthoeyanase were present. In facet, the effeet was 


TABLE 2 


Optimum catechol concentration for enhancing sour cherry 
anthocyanase activity 


Concentration of catechol in Change in OD at 510 ma 


reaction mixture, M in 5 min 
O25 
OO017 
O.007 
O51 
OOLT 
osu 
0.035 0.22 


Cherry press juice, 0.2 ml, per flask 


nearly additive. The oxygen consumption obtained with the 
glucose oxidase system may not reflect a stoichiometric ac- 
cumulation of H.O,, since the glucose oxidase contained some 
cutalase. However, there was sufficient accumulated by 
this system to support the enzymatic oxidation of guaiacol by 
cubbage peroxidase. The role of catechol remains obscure at 
present. It cannot be replaced by reducing substances such as 
ascorbie acid, ferrous iron, cysteine or bisulfite. 

The anthoeyanase of sour cherries requires oxygen for ac 
tivity. Experiments using Thunberg tubes showed that no 
decolorization took place under the assay conditions in the 
absence of air, Table 4. Furthermore, the need for oxygen is 
connected with an enzymatic step, since reaction mixtures un 
changed during vacuum ineubation, when heated for five min- 
utes in a boiling water bath followed by ineubation in air did 
not produce a decrease in color. There was no regeneration of 
red color by heating with acid following enzymatic deeoloriza- 


TABLE 3 


Effect of exogenous it.0. on activation of sour cherry 
anthocyanase by catechol 


Ov uptake, al. 
in 45 min. 


| Change in OD at 
| 510 ma in 45 min. 


Sour cherry anthocyanase (SCA)... 0.09 0 

BCA + 0.23 30 

SOA -}+ glucose oxidase + glucose....| 0.09 } 77 

SCA + glucose oxidase + glucose | 0.27 | 97 
+ catechol................. | 

Glucose oxidase + glucose............... 0.05 70 


Catechol, 0.01M; glucose oxidase, 0.15 mg.; SCA, 0.8 ml. purified 
enzyme; glucose, 0.083M 


tion of the anthocyanins. These properties seemed to differenti- 
ate the mechanism of action of the cherry anthoeyanase from 
that of fungal anthocyanase described by Huang (4). 

The marked similarity of the sour cherry anthocyanase to 
the Coleus enzyme extended to the fact that thiourea is an in 
hibitor of both enzymes. The decrease in OD in 25 minutes was 
0.08 in the presence of 0.04 M thiourea, compared with a de- 
crease in OD of 0.25 in the control. 

The anthoeyanase content of several varieties of sweet cher- 
ries, yellow-fleshed and red-fleshed sour cherries, and of black 
raspberries, blackberries and blueberries was examined at sey 
eral stages of maturity during the 1958 season. These samples 
ineluded green, partially colored, ripe and overripe fruits, 
Table 5. Anthoeyanase activity was observed in all of the 
cherry varieties examined at all stages of maturity. The 


TABLE 4 
Oxygen requirement of sour cherry anthocyanase 


Change in OD at 
Conditions | 510 ~ of in 30 min. 
2. Incubated in tacuo.... 
Sample from step 2, heated 
5 min. at 100° C., then 
4. Incubated in vracuo.... 


Purified enzyme, 1 ml. per flask. 


highest levels of enzyme activity were present in the green 
unripe fruit and diminished with increasing maturity. 

Anthoeyanase activity was shown to be present in the 3 
types of berries employed in this study. Blueberries contained 
relatively large amounts of anthocyanase, blackberries showed 
moderate amounts of the enzyme, and black raspberries pos- 
sessed very weak activity. 


DISCUSSION 


The color of sour cherries constitutes an important 
quality factor, readily evaluated by the consumer, 
and thus has a significant influence upon the value of 
the product. In sour cherries loss of red color directly 
involves the anthocyanin pigments which have been 
shown to be cyanidin-3-rhamnoglucoside and cyanidin- 
3-diglucoside (9). Pigments such as these are readily 
oxidized or reduced with a loss in red color. A second- 
ary source of red color loss may lie in the masking of 
red pigment by miscellaneous brown products de- 
veloping in the fruit. 

Sondheimer and Kertesz (11) have reported the 
oxidation of pelargonidin-3-glucoside by hydrogen 
peroxide, and Huang (4) presented data suggesting 
an oxidation of cyanidin or its derivatives to color- 
less compounds. Results with model systems have 
paralleled observations made on the original fruit 
products. However, the exact chemical nature of the 
products of anthocyanin breakdown has not been 
established. 

Bate-Smith (7) has shown that many plants contain 
compounds, which when treated with acid, are trans- 
formed into colored ecyanidin derivatives. Other 
workers, as King and Clark-Lewis (7), have demon- 
strated that acid will convert flavan compounds into 
cyanidin derivatives. The possibility exists that a re- 
versal of such a reaction, with cyanidin forming color- 
less flavans, may contribute to pigment losses in fruit. 

The situation as it appears at the present time is 
that pigment loss prior to heat processing may be 
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TABLE 5 


Changes in anthocyanase activities of several fruits 
with increasing maturity 


Anthocyanase activity, units pec 
100 mg. dry weight 
Sample 
Post- | Pre 
harvest | harvest 


Green Ripe 


Sweet cherries (Prunus 
arium), var. 
Windsor 
Yellow Glass....... 
Sour cherries (Prunus 
cerasua), Var. 
Montmorency....... 
English Morello.... 
Cherries (Prunus arium 
Pr. us cerasus), var 
Black raspberries ( Rubus oeci 
dentalia L.), var 


Mixed varieties.. 
Blueberries ( Vaccinium 
corymbosum L.), var 


enzyme catalyzed, spontaneous, or a combination of 
these two types of reactions. 

Sour cherries in a scalded condition are definitely 
liable to lose anthocyanin by both of these mechanisms. 
The bruising, which is associated with seald, causes 
disruption of the cells of the anthocyanin-containing 
peel. If the bruising is quite extensive, the cells of 
the fruit beneath the peel will also be disrupted, al- 
lowing for contact between anthocyanase and its sub- 
strate. These changes can be followed visibly if cher- 
ries showing incipient scaid are peeled at various 
times after the first symptoms of scald are noted. 
Initially the area immediately under the seald area 
of the skin shows a pink coloration. In later sam- 
plings the pink color will have disappeared, and in 
terminal samples oxidative browning will have begun. 

Were it not for the physical barrier between en- 
zyme and substrate which actually prevents pigment 
loss in intact fruits, one might have been led to expect 
that the more heavily pigmented Windsor, Bing, and 
Royal Duke cherries, as well as the red-fleshed Eng- 
lish Morello might contain very little anthocyanase 
activity, or none at all. By this argument, Yellow 
Glass might have been expected to be high in antho- 
cyanase activity. 

This study has shown that anthoeyanase activity is 
not restricted to sour cherries, for all of the varieties 
of cherries examined, including the sweet cherries, 
produced relatively active preparations at all stages 
of maturity. It is of interest to note that anthocyanase 
activity was readily demonstrable in such highly pig- 
mented fruits as blackberries, as well as in blueberries, 
where the pigment is confined to the outer skin. 

Whereas anthocyanase is most probably involved in 
the destruction of anthocyanin pigment in the early 
stages of sour cherry seald, no function can be 
ascribed to this enzyme system in intact fruits at the 
present time. The activation of the enzyme by 


catechol remains unexplained at present. That it may 
be replacing naturally occurring phenolic compounds 
of the cherry was suggested by the fact that the 
catechol requirement of the enzyme increased with 
purification of sour cherry anthocyanase. 


SUMMARY 


Anthocyanase is believed to participate in the early 
stages of scald in red sour cherries through destruc- 
tion of anthocyanin pigments. 

Sour cherry anthocyanase was prepared from ho- 
mogenates of fresh fruit and partially purified from 
press juice by ammonium sulfate precipitation. The 
enzyme has limited solubility in water and exhibits 
maximum activity at pH 5.7 to 6.0. 

The enzymatic activity of a homogenate of fresh 
cherries was nearly doubled by the addition of cate- 
chol. Purified enzyme preparations were nearly in- 
active unless catechol was added. The optymum con- 
centration of catechol was 0.01M. 

The anthoeyanase of sour cherries requires the par- 
ticipation of oxygen for activity and was inhibited by 
thiourea. 

Sour cherry anthocyanase is quite similar in its 
properties to Coleus cyanin oxidase, and is dissimilar 
to fungal anthocyanase, 

The presence of anthocyanase has also been demon- 
strated in sweet cherries, black raspberries, blackber- 
ries and blueberries. The amount of enzyme activity 
in these fruits at several stages of maturity has been 
studied. 
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Pregelatinized Starches for the 


Food Processor’ 


(Manuscript received May 21, 1959) 


Wir THE swirtLy developing 
lines of powdered beverages, cake mixes, dried soups, 
salad dressings, and sauces, pudding and dessert 
mixes, ete., being greeted by unprecedented consumer 
and institutional acceptance, there has been a grow- 
ing need for ingredients specifically suited for the 
processing and final preparation of these convenience 
products. Controlled thickening and stabilization as 
a function of the ingredients become especially im- 
portant in these modern food items, where the main 
selling point is ease of preparation, without the nee. 
for precise cooking techniques. 

One of the basie stabilizers gaining in importance 
in convenience foods are the pregelatinized starches, 
which eliminate the need for elaborate cook-up pro- 
cedure by either the processor or consumer (7). Drum- 
dried cold-swelling starches are not new. They have 
been available primarily for industrial uses for at 
least 25 years (2). However, it was not until this 
deeade’s trend to the convenience products mentioned 
that pregelatinized starches were developed and used 
successfully in one specific food—instant puddings. 
At that time the relatively undeveloped state of pre- 
gelatinized starches allowed only limited usage of 
these ingredients in convenience foods. One draw- 
back was their instability under certain pH condi- 
tions. As a result, the food processor often found it 
necessary to use other thickeners and stabilizers, such 
as lrish moss, water-soluble gums, ete., to provide the 
base for convenience products. However, these in- 
gredients, in turn, also presented several drawbacks, 
such as high price, poor dispersion qualities, the effect 
of metallic ions present in the product, unacceptable 
taste and flavors, ete. Pregelatinized starches have 
made significant strides in the past 10 years as a re- 
sult of the advances of starch technology and research 
in modifying and processing pregelatinized starches to 
extend their uses in a mueh wider variety of food 
applications. 

A pregelatinized starch is produced by cooking and 
drying the starch dispersion on heated rolis or drums. 
This process involves feeding a starch slurry (after 
completion of processing, refining, and blending with 
other starches, sugars, ete.) on the outer surface of a 
steam-heated revolving drum. The rate of rotation of 
the drum is set so that the material is dried and 
scraped off by a doctor blade when the drum reaches 
a certain position. The operation can be performed 
on single or double drums, with the latter providing 
greater capacity. This pre-cooking process swells the 
starch granules and thus conditions them to thicken 
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and gelatinize in cold liquids, without need for subse- 
quent heating. Thus, the starch manufacturer is 
doing the actual starch cooking operation in his own 
plant. By this method, gelatinization time, gel texture, 
stability and composition can be engineered into the 
starch according to the requirements of the food 
manufacturer’s equipment and the food product in- 
volved. Product uniformity from item to item and 
batch to batch is assured and the user is relieved. of 
the costly cook-up and gelatinization control opera- 
tions necessary with ordinary starches. 

Unfortunately, there is a dearth of literature (ex- 
cept for patent claims) on pregelatinized starch use 
and application. This paper will endeavor to outline 
some of the advances made in the starch technology 
field in reeent years and provide suggestions on how 
a food processor can take advantage of the properties 
of pre-cooked starches through proper examination, 
control, and intelligent application. 


EXPERIMENTAL 


Using a Brookfield viseosimeter Model RVF with helipath 
stand,” viscosities of « group of pregelatinized starches were 
measured at varying concentrations. 

For any one determination, the procedure was: The pre 
gelatinized starch was weighed on a dry basis, then added very 
slowly into 300 ml. of distilled water at 25° C. in a wide-mouth 
glass pint jar under constant agitation. After addition of the 
starch, the agitation was stopped and the jar filled to the 400 
ml. mark. Agitation at high speed was then resumed for 10 
minutes more, and the solution was then allowed to set for 1 
hour. A Brookfield viscosity reading was taken after 7 turns 
of the spindle were completed in the solution. The spindle and 
gear speed was chosen so that the reading on the Brookfield dial 
eame as near the dial center as possible. Another Brookfield 
reading was made under the same conditions after the jar had 
set for 3 hours at 25° C, 

The same stirring equipment—stirrer, propeller, glass jar— 
was used for all determinations. It is emphasized that these 
measurements are of relative viscosities, valuable for com 
paring starches and evaluating intended applications in a 
food product. 

Our results were obtained with a laboratory stirrer similar 
to the standard Fischer model stirring apparatus (Fischer 
Catalog No. 14-498) with a variable-speed direct-worm drive. 
The stainless steel stirrer was a simple 4-blade propeller on an 
8-in. shaft. 

Results of these determinations provide a curve of relative 
starch viscosity at 25° C. versus the concentration in aqueous 
solution. For further controls, the following analyses of a pre- 
cooked starch may be made according to standard procedures: 
moisture, pH of a 2% solution, ash, color, mesh, thermophiles, 
and, if required, a storage stability test on a modified Swift 
Tester. 

Based on the analytical results, specifications may then be 
drawn up by the food manufaeturer for use by the quality con- 
trol laboratory. It should be emphasized that tolerances of + 
10% on the viscosity resuirs should be allowed because of the 


” Brookfield Engineering Laboratories, Inc., Stoughton, Mass. 
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natural differences in raw materials, starch processing steps, 
and the method of control which usually is relative rather than 
absolute in measurement. An increase in viscosity after three 
hours standing at 25° C. will indicate the amount and type of 
retrogradation of the starch solution. 

A ‘‘use’’ test (3) should also be made at the same time by 
the quality control laboratory to supplement the results ob 
tained by the other suggested tests. 


RESULTS AND DISCUSSION 
Figure 1 illustrates viscosity curves versus concen- 
trations of a number of pregelatinized starches differ- 
ing either by type of starch base or processing method. 
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PERCENT CONCENTRATION IN AQUEOUS SOLUTION 


Figure 1. Comparative viscosities of pregelatinized starches in 
aqueous solution. 


Referring to such a series of curves and other analyti- 
eal results will help the food processor evaluate the 
usefulness of a particular stareh—regardless of source 

in his product. The usual supplementary informa- 
tion is provided in a typical specification chart (Table 

For example, if Starch E in Figure 1 is used at 
present in an instant pudding mix, and reasons of 
economy cause the processor to consider changing to 
a higher viscosity starch, a glance at this viscosity 
versus concentration curves will indicate that Starch 
A may yield the same viscosity at a lower load-level 
use. On the other hand, the new starch may involve 
product textural changes as indicated by the three- 
hour lapse-time viscosity, and as a result he may not 
be able to use this replacement. However, if this 
change in texture and viscosity is not detrimental to 


TABLE 1 


Pregelatinized starch B product information and specifications 


Moisture....... 8.0% (max.) 

White 

Over 140......... 0,90 
Over 200 ows 5.60 

pH (2% sol)....... 6.05 


Viscosiiy at 25° ¢ ( Brcokfieid) 
Viscosity (cps) 
Per cent concentration 


1 hr, stand 3 stand 


248 820 
5 2800 3500 


gel (approx. 40,000) | gel (approx, 50,000) 


Physical characteristics (5% sol) 

Appearance..... 
Storage stability 

(activated Og test 2 years plus 
Thermophiles....... Nil 
Tapioca 


Translucent 
Smooth 
Acceptable 


* Starch dispersed in distilled water (25° C.) with mechanical 
stirrer for 10 min. 


his product, he may then be able to substitute Starch 
A for Starch E at considerable savings in the cost of 
his packaged mix. 

APPLICATION 

Pregelatinized starches, as noted before, were origi- 
nally used for the most part in the pudding and 
dessert field. A typical formulation for an instant 
type of pudding is noted in Table 2, where the formu- 
lation utilizes the characteristics of Starch E. This 
recipe involves a milk-gel system, so the starch shoul 
have a relatively low viscosity and low gel action to 
allow the pudding to retain its even texture for a 
relatively long time. Starches C and D are also used 
in instant puddings, with their application dependent 
on the type and amounts of phosphate salts used in 
the processor’s milk-gel system. Since each manu- 
facturer usually employs a different mix formulation, 
he requires a specific pre-cooked starch. 

One of the most important properties of Starch E in 
an instant pudding is the fact that it is based on 
tapioca, which has the property of extreme blandness 
that enhances the flavor and taste of the pudding. 
But Stareh E lacks stability in acid solutions and can 
be used only under neutral pH conditions. Hence 
recent developments in starch processing have en- 
deavoréd to overcome this detriment, and Starch B 
evolved, as a result. This new product is a tapioca- 
based starch, as is Starch E, but Starch B has a higher 


TABLE 2 
Formulation of instant pudding mix using pregelatinized starch 


Chocolate instant pudding 
| 


Ingredients 


Lbs | Oz. 
Starch E... 20 
Cocoa powder......... eee 13 | 
Vanillin (+ flavors)..... seaokda To taste To taste 
Phosphate salt mix*... | 19 


*Tetrasodium pyrophosphate anhyd., 12 oz. Disedium orthophos- 
phate anhyd., 7 oz. 
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gel character as shown by viscosity evaluations. Fur- 
thermore, it has considerable resistance to acidic pH 
conditions which allows the food processor to utilize 
Starch B as a basis for example in cold-water-soluble 
fruit-pie formulations and fountain-ade mixes. Typi- 
cal formulations are shown in Table 3. This starch, 
when used by the pie baker and food processor, elimi- 
nates the need for cooking apparatus with high up- 
keep and labor costs, valuable floor space, and it re- 
quires the least elaborate equipment for preparation. 
As a further economic advantage, only a minimum 


TABLE 3 
Formulation of food products using pregelatinized starches 


Cherry pie filling 
Ingredients 


Sugar 
Starch B 
Salt 
Water 
(ine 50 lb. can 5 + 1 frozen cherries 
Crushed pineapple fountain-ade (Fruit topping) 
Ingredients 


Sugar. 

Starch B....... 

Salt 
Water (+ juice) 
Crushed pineapple. 


amount of additive flavor is required in food products 
such as fruit pie fillings, toppings and fruit fountain- 
ades because the starch is based on tapioca. Further- 
more, it eliminates time-consuming cook-up_ pro- 
cedures with resultant evaporation losses, costly clean- 
up requirements and long periods of cooling and 
refrigeration costs. Pregelatinized starches are also 
available with other specialized properties such as 
freeze-thaw stability in aqueous dispersions. 

Since a pie is baked and eaten in a relatively short 
time, there is no need for an added preservative. On 
the other hand, a fountain-ade requires a preservative 
such as sodium benzoate to increase storage stability. 
The fountain-ade recipe shown in Table 3 eliminates 
the usual sugar-syrup cooking procedures and allows 
the food processor to develop new ideas for such 
products because of simple make-up procedure. 

Our laboratories have applied the other starches 
shown in Figure 1 to a number of food preducts. For- 
mulations for a chiffon pie filling and a stabilized 
meringue are shown in Table 4 based on Starches D 
and B, respectively, because of the textures and vis- 
cosities required by the products. 

Table 5 contains the formulations for a simple icing 
mix and an instant lemon pie filling mix. Starch D 
was used in the icing base because it helps prevent 
syneresis whereas Starch B was applied in the lemon 
pie filling to provide the gel action necessary for a 
stable product. 

A few special techniques will facilitate the applica- 
tion of pregelatinized starches in food products. For 
example, the pre-cooked starch should be thoroughly 
blended with the other dry materials before mixing 
with liquids. This procedure provides easy disper- 


TABLE 4 
Formulations of food products using pregelatinize4 starches 


Instant chiffon pie filling Instant taeringue mix 


Ingredients Lbs. Ingredients 


Sugar 65 Egg albumen (pdr.) 


Starch D 20 Sugar 

6 Starch B 

5 Citric acid 

1% Flavor To taste 
1 

1 

1 


Gelatin (200 Bloom) 
Whipping agent 
Phosphate salt mix* 
Salt 

Citric acid 

Lemon juice (pdr.) 
Coler & flavor 


To taste 


* Tetrasodium pyrophosphate anhyd., 1 lb. Disodium orthophosphate 
anhyd., 4 Ib. 


sion. A particular formulation may require dumping 
of the total dry blend into the liquid rather than slow 
addition. The method, of course, depends on the 
specifications and requirements set up by the food 
processor and starch manufacturer. 

Granulation and mesh size are important factors to 
consider both from a recipe make-up procedure and 
package requirements of the finished food product. 
Flavor, taste, odor, texture and uniformity are also 


TABLE 5 
Formulations of food products using pregelatinized starches 


A. Instant icing mix B. Instant lemon pie filling 


Ingredients Lbs Ingredients Lbs 


Sugar (6X) 100 Sugar 10 
Starch D 6 Starch B. 3 
Dry milk pdr 5 Lemon juice (pdr.) 1% 
Dextrose Citric acid (pdr.) Yo 
Salt Salt Vo 
Shortening Water 20 
Butter or oleo (melted) 1 
Lemon oil, color To taste 


important properties when a specific pregelatinized 
starch is applied to a food item. 

It has been shown that today’s increased variety of 
specialized pregelatinized starches can enjoy a wide 
list of food applications. Table 6 shows a number of 
food products where starches have been successfully 
used as base thickeners and stabilizers with subse- 
quent advantages of economy and convenience. 


CONCLUSION 


Pregelatinized starches are growing in numbers and 
types because of advances in the field of starch tech- 


TABLE 6 
Check chart of pregelatinized starch uses 


| Pregelatinized starch 
Food use 


B | D 


Instant | x 
Convenience desserts | | x 
Pie and cake fillings. 
Confectionery items.. 

Batters, pancake, breading.. 

Toppings 

Ground meat & fish prod... 

Instant sauces and gravies 

Dressings (salad type) 

Milk bev. stabilizers 
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Your juices need 
this advantage 


Did you know that l-ascorbic acid may be 
added to certain fruit and vegetable juices to 
standardize their vitamin C content, thus over- 
coming wide variations which can occur (see 
table below)? Many nutritionists believe that 
the public interest is best served when the 
l-ascorbic acid content of processed juices is 
so standardized. The cost is nominal, the proc- 
essing simple. A label statement of 100% 
of the minimum daily adult requirement for 


l-Ascorbic Acid Content of Canned Juices 


Below are examples of minimum and maxi- 
mum levels of /-ascorbic acid in commercially 
canned juices. Note the wide variations! All 
figures are in milligrams per 100 grams of 


culture. 

Juice Min. Max. 
Apple 3.6 
Grape 4.7 
Grapefruit : 49.0 
Orange 70.0 
Pineapple 5. 18.0 
Tomato y & 32.0 


seer eee ee 


essential vitamin C may be made when a 4 oz. 
serving of juice contains 30 milligrams of 


l-ascorbic acid. 


Why send your juice to market with the 
“handicap” of inadequate nutritional value? 
Use Roche l-ascorbic acid to standardize its 
vitamin C content. We have helped many proc- 
essors make their good foods better and we’re 
ready to help you. Why not investigate today? 


Orange + Grapefruit + Lemon + Tangerine + Apple 
Grape + Pineapple + Cranberry + Tomato 
Vegetable blends 
No matter which type of processing you use — 
Canning + Concentrating + Freezing + Dilution in 
the form of “ades” 

its l-ascorbic acid content is standardized 


your juice will be better when 


All-time low price of l-ascorbic acid 
makes juice standardization more 
attractive than ever. 


juice. Data from U, S. Department of Agri- * 


ROCHE /-ASCORBIC ACID 


VITAMIN DIVISION * HOFFMANN-LA ROCHE INC. * NUTLEY 10, N. J. 
In Canada: Hoffman-La Roche Ltd., 1956 Bourdon Street, St. Laurent, Montreal 9, P. Q 


Trademark: Roche® 


ROCHE ROUND THE WORLD 


AFFILIATED COMPANIES BASEL + BOGOTA + BOMBAY + BRUSSELS + BUENOS AIRES +« GRENZACH GERMANY * HAVANA «+ ISTANBUL + JOHANNESBURG + LONDON 


MADRID + MEXICO CITY «+ MILAN + MONTEVIDEO + PARIS + RIO DE JANEIRO +» STOCKHOLM + SYDNEY «+ TOKYO «+ VIENNA + AGENCIES iN OTHER COUNTRIES 
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FLAVORS 
FOOD COLORS 
BUTTERSCOTCHES 


CARAMEL FLAVORS 


VANILLAS 
CAKE MIX FLAVORS 


FRUIT FLAVORS 
SPICE EXTRACTS 
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PREGELATINIZED STARCHES 


nology and research, made necessary by the fast- 
growing convenience food field. By proper evaluation 
and intelligent selection, the food processor can take 
advantage of their properties in a wide variety of 
food products, and benefit from the economies and 
improvements in food quality that they offer. 


FOR THE FOOD PROCESSOR 
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Pink Discoloration in Canned Bartlett Pears 


(Manuscript received July 27, 1959) 


I. A PREVIOUS PUBLICATION (11), 
the effects of cold storage and ripening on chemical 
and physical properties of Bartlett pears were in- 
vestigated. It was observed that fresh Bartlett pears 
with average pressure tests of 2 to 3 pounds immedi- 
ately before peeling were best for canning. 

Pink discoloration in canned pears is an occasional 
problem to the canner. Such pears are undesirable 
because they fail to meet the U. S. Department of 
Agriculture color grade, and the unusual color causes 
coneern to the canner and the consumer. The reason 
for this discoloration is not clear. 

The biochemistry of apples and pears has been 
reviewed (8), but no information about pink dis- 
coloration of canned pears has been mentioned. The 
presence of flavonoid compounds in the plants as 
glycosides, in which certain of the phenolic hydroxy] 
groups are combined with sugar residues, has been re- 
viewed (3, 4). Bate-Smith reported on anthocyanins 
and flavones (1), leucoanthocyanins in leaves (2), and 
flavonoid compounds (3) in foods. He also stated (3) 
that ‘‘leucoanthocyanins are themselves colorless, but 
give rise to red-brown colored products when heated 
in aqueous solution, especially if the solution is 
strongly acid. The color of stewed pears may well be 
due to leucoanthocyanins present in the fresh tissues, 
but this has apparently never been investigated.’’ 
Sondheimer and Kertesz (15, 16) reported that the 
red pigment in strawberries was an anthocyanin. Grif- 
fiths studied the phenolic acids and flavonoids in cacao 
(5). Hillis and Swain studied the influence of illumi- 
nation on the synthesis of leucoanthocyanins in leaves 
(7). Kieser, Pollard, and Williams (10) reported the 
presence of leucoanthocyanins in Perry pears, but 
presented no information on Bartlett pears. 

In the present investigation the effects of growing 
area, soil types, and processing conditions on pink 
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color development in canned Bartlett pears are re- 
ported. A method for quantitatively determining the 
pink-eolor precursor is presented. The pink pigment 
in the canned product was investigated by chromato- 
graphic methods. 


EXPERIMENTAL MATERIALS AND METHODS 


Bartlett pears. Pears used in this investigation were harvested 
from the Santa Clara, Lake County and Placerville areas at 
16-19 pounds pressure tests on the Magness-Taylor fruit tester 
(%6 in. plunger). Each lot contained about 200 pounds of 
fruit. The fruit was stored at 34° F. for 7 days or more, and 
ripened 4 to 5 days at 68° F. under 85% relative humidity until 
an average pressure test of two pounds was reached. 

Physical and chemical tests. Ten representative pears were 
taken from each batch for determining pressure test, titratable 
acidity, pH, Brix, and tannin-like substances as deseribed pre- 
viously (11). 

Objective test for the pink-color precursor. Canned pears were 
mixed with the syrup in a Waring blender for 30 seconds, Ten 
grams of the sample was weighed into a 150 ml, beaker and 1.5 
g. of sodium chloride, 2 ml. of 6N HCl, and 50 ml. of n-butanol 
were added. The mixture was stirred with a mechanical device 
for 15 minutes and then centrifuged to ~~=ove the insoluble 
solids. The supernatant was poured into a test tube, heated in 
a boiling water bath for 15 minutes (counting the time when 
the water started to boil) and cooled to room temperature in a 
water bath. The absorbance of the n-butanol extract was 
measured in a Klett-Summerson photoelectric colorimeter with 
a No. 42 blue filter. 

Canning. Pears were peeled, halved, cored, and canned in 
No. 2% eans. Eighteen ounces of pear halves and 11 ounces of 
25° Brix sucrose syrup were used for each can. Unless other- 
wise stated, the pears were cooked in a stationary cooker at 
212° F. for 33 minutes. The cans were either cooled in air or 
in cold water for different time intervals. 

Heat increment. The temperature at the center of the can was 
recorded by a Brown Electronic Automatic reeorder at 1 minute 
time intervals. The heat increment was obtained by counting 
the area under the temperature-time curve as recorded by the 
IT -whn recorder. Results were expressed as degree-minutes 
above 100° F. (37.8° C.). 

Visual evaluation of pink color. The degree of pinkness in the 
canned pears was evaluated visually by a panel of 6 persons 
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under a standard light souree (11). Results were expressed as 
no pink (0), slight pink (+), medium pink (++), and very 
pink (+++). 

Paper chromatography of the pink pigment. The pears and 
syrup from a No. 2% ean were mixed in a Waring blender. 
Forty-five grams of the slurry was mixed with 6.75 g. of NaCl, 
6 ml. of 6N HCl, and 150 ml. of n-butanol. The mixture was 
stirred well for 15 minutes and then centrifuged. The super- 
natant was decanted into a beaker, heated for 15 minutes in a 
boiling water bath to develop the pink color and then concen- 
trated under 27 in. of vacuum to a small volume. The concen- 
trated extract was chromatographed at 70° F. for 12 hours on 
a Whatman No. | filter paper (in a deseending direction) with 
the top layer of a n-butanol, acetic acid, water (4:1:5 v/v) 
mixture as solvent. The pink pigment was eluted from the 
pauper with a mixture of methanol and coneentrated HCl (97:3 
v/v). The eluate was concentrated and purified once more on 
the paper. The pigment was dissolved in a 10% HCl solution, 
extracted with a few drops of n-amyl aleohol, and then chro- 
matographed on Whatman No. 1 paper with n-butanol and 
2N HCl (1:1 v/v). Cyanidin isolated from deep red roses by 
the method deseribed by Yeh, Ling, and Takasaka (17) was 
used as a reference compound in the paper chromatography 
procedure. 


RESULTS 


Effect of growing area on pear composition. The composition 
of pears grown in 3 different areas of California is shown in 
Table 1. Sample 1 was from the Santa Clara area, and was 


TABLE 1 


Acidity, pH, and soluble solids content of Bartlett pears grown 
in different areas of California 


| | Pressure 
| y, | 
Ibs 


Santa Clara 0.154 
Sacramento River O.287 
Lake County O.187 
Lake Coanty 0.506 
Placerville 0.551 
Placerville 0.503 
Placerville 0.683 


wr we 


lowest in acidity and soluble solids, and highest in pH. Sam- 
ples 3 and 4 were both from the Lake County area but differed 
greatly in their acidity and pH. It is evident that even in the 
sume growing area, pear composition may differ greatly. This 
difference was probably due to variations in horticultural prae- 
tices and soil properties of the ranches where the pears were 
grown, Samples 5, 6, and 7 were from the Placerville area 
located in the foothills of the Sierra-Nevada range. These pears 
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were high in acidity and low in pH, probably due to climatic 
conditions or soil acidity of the ranches in the foothill area. 
The difference in acidity and pH of the pears from different 
growing areas was not caused by maturity, because they were 
all harvested and ripened to the same pressure range of 2 to 3 
pounds, as measured by the Magness-Taylor pressure tester. 

Influence of soil types on pear composition. The effect of soil 
types on acidity and pH of Bartlett pears is shown in Table 2. 
The acidity of the pear samples grown in Aiken loam, Diamond 
Spring loam, and Holland Sandy ‘oam ranged from 0.30-0.45%, 
and the pH from 3.5 to 4.0. Thus, the nature of the soil could 
be another factor influencing pear acidity and pH. 

Tannin content. The tannin content of samples shown in Table 
2 varied from 92.5 to 152.8 mg./100 g. This seemed to be 
related to the pink discoloration of the canned product. Sample 
G was grown in a Holland fine sandy soil, had a tannin content 
of 152.8 mg./100 g., and was quite pink after canning. It seems 
that low pH, high titratable acidity, and high tannin content 
are all associated with pink discoloration in canned pears. 

None of the samples canned by rapid water-cooling showed 
pink discoloration except Sample G, which was high in acidity 
and tannin and low in pH. Almost all of the Placerville pears 
eanned by the air-cooling method (slow cooling rate) were pink. 
However, Sample I, which was low in tannin (92.5 mg./100 g.) 
and relatively high in pH (3.90) had no pink discoloration, 
even though the air-cooling method was used. Thus it seems 
that pink discoloration in canned Bartlett pears is also related 
to rate of cooling as well as high acidity, high tannin content, 
and low pH. 

Objective test for the pink-color precursor. An objective test 
for determining pink color precursor in pears is deseribed in 
the Experimental section. An example of pink color develop 
ment in the acidified n-butanol extract is shown in Figure 1. 
Samples A and B developed a pink color similar to that in the 
eanned product. However, if the heating was extended over 20 
minutes, a brownish color gradually developed in the extract. 
The inerease in absorbance caused by heating was shown to 
proceed in two stages. First, there was a rapid inerease in 
absorbance with heating time, during which a characteristic 
pink color developed. Then there was a break after 20 minutes 
of heating. The rate of increase in absorbance with time slowed 
down and a brown color developed. Table 2 indicates that the 
Klett reading of the n-butanol extract might be a good indi 
eation of the pears’ potential for pink color formation. Sam- 
ple G was highest in the Klett butanol-extract reading and was 
pinkest after canning. 

Effect of processing time and cooling rate. The effect of 
processing time and cooling rate on pink color development in 
canned pears is shown in Table 3. Pears from ranches M, I, 
and G showed no pink color formation when heat processed 25 
or 30 minutes and rapidly cooled by water. However, in the 
sample from Ranch I, 17% of the pears developed pink dis- 
coloration after heat processing for 35 minutes at 212° F. This 


TABLE 2 


Influence of soil types on the chemical composition and 


| 


Sample Soiltype — | Pressure , | Tannin, | 


om, ame} mg./100| 


in 
plunger | 


Aiken 4.39 
Aiken | 2.92 
Aiken 2.80 
Aiken | 17 
Diamond 
spring 2.90 
Diamond 
spring 2. 3.9! | f 0.500 
Holland 
fine sandy 3.3 0.363 
Holland 
fine sandy 26 3.80 0.388 
Holland 
| fine sandy 2 3.90 15.44 


' Degree of pinkness 


on of Bartlett pears. Placerville, California 


Klett reading in 


- Degree of 
acidity, % butanol extract pinkness 


| Air- | Water- | Air- Water 
cooled | cooled cooled cooled 


Air- | Water- Air- 

cooled | cooled cooled 
| 

3.90 0.198 50 
3.85 0.247 54 | 
4.10 | 0.232 | 233 85 


71 
70 
62 


+ 
+. 
+ 


3.85 | 0.260 | 0.2" 83. | a9 


4.20 0.216 59s 
4.23 0.159 | : + 
4.60 0.216 

s.10 | 0.197 | 0.201 


4.00 0.224 0.237 


3 
& 
: 
| § 
i | 42 1 
| 
4 39 | 1 
| 3. 
| 38 | 3 
2 
| | Fresh Canned 
| 
| | cooled 
A 125.0 | 400 
108.5 | 4.30 
es © | 116.2 | 4.20 | 
D 92.5 | 4.06 | 
E | 
128.5 | 4.10 | 
F | + 
103.0 | 4.13 
{ G | 
152.8 | 3.76 | 
| 
| 110.0 | 4.10 
| 
| 
No pink; + Slight pink; ++ Medium pink; +++ Very pink. 


PINK DISCOLORATION IN CANNED BARTLETT PEARS 


Sample A 


KLETT READING, BLUE FILTER 


8 


oo — Sample B 
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HEATING TIME, MINUTES 

Figure 1. Effect of heating on the absorbance of acidified 
n-butanol pear extracts. 


indicates the importance of processing time as well as raw ma 
terial selection for preventing pink color formation in pears. 
Most of the canned pears that were air-cooled after canning 
were pink due to excessive heat. 

Effect of acidification and delayed cooling. In order to prove 
that pink color formation and high acidity are related, an 
experiment was designed to determine the effect of acidification 


TABLE 3 


Effect of processing time and cooling rate on formation of pink 
color in canned Bartlett pears 


Per cent pink pears 
Rapid cooling | Slow cooling 
pHof | in water, in air, 
Ranch Soil type canned minutes of minutes of 
pears heating at heating at 
212° F 212° 


Diamond spring 


loam 3.9-4.0 100) 


Aiken 3.6—4 90 


Holland fine 
sandy loam 


on pink color formation. Results are shown in Table 4. Sam 
ple 1, canned in syrup acidified to pH 1.4 with HCl, showed a 
deep pink color formation. Samples 2 and 5 were not as highly 
acidified and showed pink color only after air-cooling. 

The effect of delayed cooling on pink discoloration of canned 
Bartlett pears is shown in Table 5. The water-cooled sample 
did not show any pink color formation, because the rapid cool 
ing rate prevented it. The air-cooled samples showed a con 
tinual inerease in pink color formation as accumulative heat 
inerement rose from 4666 to 20884 degree-minutes above 100° F. 
These data indicate the importance of rapid-cooling in pre 
venting pink color formation. 

Nature of the pink pigment. The pink pigment, formed by 
heating the n-butanol extract of Placerville pears in the pres 


TABLE 4 


Effect of acidification and cooling rate on formation of pink 
color in canned Bartlett pears 


Lake County pears, cooked at 212 . for 33 minutes 
Percent | Percent | 

pink halves | pink halves | Degree of 
(water (air pinkness 


| cooling) cooling) 


pH of | pH of 
Sample ingoing | canned 
syrup | pears 


$ 
3.8 


TABLE 5 


Effect of delayed cooling on pink discoloration of canned Bartlett 
pears from Placerville, California 


Air-cooled 
Time after |— - 
heating at Heat 
212° F. for increment 
33 min, above 100° F.,| above 100° F., 
°F.xmin. | °F. x min? 


Accumulative 
heat increment % total 
heat received 


Degree of 
pinkness 


(min.) 
3696 4666 
214 4880 
309 5189 
500 5689 
970 6659 
470 7129 
1740 8869 
1155 10024 
2010 12034 
1620 13654 
2280 15934 


4950 20884 100.0 


ttt4 


4+ 


' This reading includes the heat received during water-cooling af th 
pears from 212° F. to 100° F 


ence of HCl for 15 minutes, was purified by descending paper 
chromatography on Whatman No. 1 filter paper, using an 
n-butanol: 2N HCl (1:1 v/v) mixture as a solvent. The pig- 
ment had an Rr value of 0.68. This was identical to that of the 
eyanidin pigment isolated from roses. A mixture of the pink 
pigment from pears and cyanidin from roses resulted in only 
one spot on the paper. It seems that the pink pigment in 
canned pears is very similar or even identical to cyanidin which 


has the following structural formula: 


HO OH 


+ 
H 


DISCUSSION 


It has been shown that pears from different grow- 
ing areas vary greatly in acidity, pH, and tannin-like 
substances. Such differences in the fresh pears are 
related to the formation of pink color in the canned 
product. One way to prevent pink color formation is 
to check fresh pears for these properties prior to 
canning. Pears with exceedingly low pH, high tannin 
content or high absorbance in the acidified n-butanol 
extract should be sent to a packing house for fresh 
marketing. The majority of the pears in California 
have pH values ranging from 3.9 to 4.2. It would be 
possible to screen out those pears with low pH that are 
likely to form pink color after canning. A second 
approach is to check the canning operation closely. 
Excessive heat sterilization must be avoided. Prompt 
water cooling of the cans after heat sterilization would 
help reduce the occurrence of pink color in the canned 
product. 

Results obtained in this work indicated that pink 
color formation in canned pears from certain districts 
could be greatly increased by lowering the pH values 
with hydrochloric acid. This indicates that the for- 
mation of pink color is catalyzed by the hydronium 
(H;0) + ion. The same reaction is facilitated by 
excessive heating which supplies the activation energy 
necessary for pink color formation. 

In the 1938 U. S. Department of Agriculture year 
book, Soil and Men, it is stated that the lower Sierra- 
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Nevada foot hills have an elevation of 300-5000 feet. 
The area has a long dry summer with a high per- 
centage of sunshine, and weak to mild acid in the 
Sierra and Holland soils. Thus it is highly possible 
that the higher incidence of pink color in canned 
Bartlett pears from some of the ranches in the Sierra 
foot hill area might be caused by soil property and 
climatic conditions. 

The presence of leucoanthoeyanins in Perry pears 
has been reported by Kesser, Pollard, and Williams 
(10), After chemical and chromatographic tests, they 
suggested that the major component of pear tannin is 
a complex leucoanthocyanin of high molecular weight, 
composed of units similar in structure and hydroxyla- 
tion pattern to eyanidin. Results obtained in the 
present investigation also indicate that the pink pig- 
ment is not differentiable from cyanidin by paper 
chromatographic method, Joslyn and Peterson (9) 
reported the presence of leucoanthoeyanin the 
core, tissue, and seeds of Bartlett pears. They con- 
cluded that the only anthoeyanidin obtained was simi- 
lar in Ry value and other properties to cyanidin. 

Although eyanidin formation seemed to accompany 
pink discoloration of canned Bartlett pears, it is still 
possible for pigments other than anthoeyanin to be 
present. Recently, Lukes (12) reported on the forma- 
tion of pink pigment in dehydrated onions. He postu- 
lated that when the onion cells are ruptured, the na- 
tive enzymes react with a substance in the juice to 
form a color developer. This developer then non- 
enzymatically forms a pink pigment with the amino- 
acids in the onions. Peterson (13) postulated that the 
pink pigment in dehydrated onions was due to a 
water-soluble, nitrogenous cation fraction, formed 
from unknown precursors during the period immedi- 
ately after macerating. This cation fraction reacts 
non-enzymatically with added formaldehyde or some 
naturally-oceurring compound at pH 2 to 6 to form a 
water-soluble, red pigment. In canned pears the pink 
pigment usually adhered to the surface of the pear. 
However, in severe cases, when the pink pigment was 
present in high concentrations, the syrup also turned 
pink. 

It remains to be explained why only some of the 
pear halves turn pink after canning. This might be 
due to the localization of pink-color preeursor in cer- 
tain parts of the pear fruit. Hillis and Swain (7) 
studied the effect of illumination on the leucoantho- 
eyanin content of plum tree leaves. They found a 
lower leucoanthocyanin and total phenol content in 
leaves on the shady side of the tree, than in those on 
the sunny side. It is possible that parts of pears ex- 
posed to the sun may develop higher leucoanthocyanin 
contents than other parts. This might explain the 
pink color formation in only part of the pears after 
canning. 


SUMMARY 


Factors influencing formation of pink color in 
canned Bartlett pears have been investigated. Grow- 
ing area and soil types were found to be related to this 
problem. Pears from certain ¢ ing areas had low 
pH, high acidity, and high « a content. These 
pears were found to develop pink color after canning, 
especially when excessive heating and delayed cooling 
processes were used. The pink pigment in canned 
pears was shown to be identical in Ry value to that of 
cyanidin. An objective test for determining the 
amount of pink color precursor in pears is described. 
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Characteristics of Corn Starch and Starch Derivatives as 
Affected by Freezing, Storage and Thawing. |. 
Simple Systems 


(Manuscript received June 16, 1959) 


Unvesmasux TEXTURE CHANGES 
are frequently encountered in the freezing of cooked 
foods thickened with common starches. The texture 
of sauces, gravies, puddings, and custard-type des- 
serts changes from a smooth to a grainy or lumpy 
consistency even when these foods are thawed imme- 
diately after freezing. When thawed after some 
time in frozen storage, most such products exhibit a 
eurdled appearance and liquid separation. The ori- 
ginal smoothness is not completely regained even in 
foods that are reheated before serving (4, 5, 10). 
Such texture changes as those described above have 
been commonly grouped under the term ‘‘retrogra- 
dation’’ (6, 9). 

Freezing of a starch solution causes the starch to 
separate and to remain, after thawing, as a fibrous 
and flocewlent coagulum. When 2.5% corn starch 
pastes are frozen, thawed and warmed to 212° F., 
about 93% of the starch remains insoluble (3). Corn 
and wheat starch pastes of 5% or higher concentra- 
tion become a spongy mass upon freezing and thaw- 
ing (8, 12). Slow freezing of the solution is said to 
produce larger aggregates of coagulum than does 
rapid freezing (7). In addition, the condition of a 
thawed gel depends upon the temperature to which 
it has been cooled; spongy gels thawed from solu- 
tions frozen at —94° F. are more slimy than gels 
from solutions frozen at 28° F. 

A system that exhibits ‘‘freeze-thaw  stability’’ 
is one that does not become lumpy, grainy or spongy, 
is free from liquid separation (syneresis), and re- 
mains homogeneous after it has been frozen, stored 
at low temperatures, and finally thawed to room 
temperature. 

The effects of various physical treatments on the 
stability of frozen starch pastes have been studied 
by various workers. Included in this category are a 
series of investigations relating to different granule 
shearing treatments (2, 11). However, the conelu- 
sions reached in these studies have been inconsistent. 

The over-all objective of this investigation was to 
determine the effects of rate of freezing, storage 
temperature, shearing of granule systems, and heat 
treatment prior to freezing on the freeze-thaw sta- 


"Presented before the Nineteenth Annual Meeting of the 
Institute of Food Technologists, Philadelphia, May 20, 1959. 

»* Submitted by the senior author in partial fulfillment of 
the requirements for the Ph.D. degree in Food Technology, 
University of Illinois, Urbana. 

*Present address: Research Labs., International Minerals 
and Chemical Corp., Skokie, Illinois. 


James J. Albrecht,’ 
A. |. Nelson and M. P. Steinberg 


Department of Food Technology, Uni- 
versity of Illinois, Urbana 


bility of the simple combination of thickening agent 
and water. Three starch products were chosen to 
serve as a representative group of thickening agents: 
(1) a standard or natural corn starch, (2) a pre- 
gelatinized cross-linked waxy maize starch, and (3) 
a starch phosphate. 


EXPERIMENTAL PROCEDURE 
Ingredients 


The starch considered to be of most importance in this 
investigation was regular untreated corn starch (Reg. PFP, 
American Maize Products Co., Roby, Indiana), beeause this 
starch has been used as a food thickener for many years. The 
second product studied wes HR W-13—a pregelatinized, cross- 
linked waxy maize starch (American Maize Products Co.). 
Solutions of this starch, after heating and cooling, offered 
increased viseosity but did not set up in a typical stareh gel. 
To represent one of the latest types of starch-derivative thick- 
ening agents being studied a starch phosphate sample (Inter- 
national Minerals and Chemical Corp., Skokie, Illinois) was 
used, This product is soluble in cold water, produces a paste 
of unusual clarity and homogeneity, and has essentially no 
starch taste. 


Analytical procedures 


The susceptibility of starch pastes and slurries to the action 
of a commercial B-amylase preparation is called ‘‘amyloclastie 
susceptibility.’’ Less retrogradation allows increased hydro- 
lytic activity of this enzyme to form more maltose. Enzyme 
susceptibility was determined by the method of Volz and 
Ramstad (11), although a few modifications in sample size 


Since starch systems which have undergone retrogradation 
generally are unable to bind water tightly, measurement of 
syneresis or ‘‘weeping’’ usually ean be correlated with the 
degree of retrogradation which has taken place. To measure 
syneresis, aluminum weighing dishes two inches in diameter 
and % inches deep were filled with starch paste and allowed 
to remain at room temperature for 2 hours. Dishes were then 
inverted on No. 3 filter paper and the annular ring of wet 
paper was measured in sixteenths of an ineh after exactly 
two minutes. 

Photomicrographs of certain samples of starch pastes were 
taken by a Zeiss Inclined Triocular Microscope, Model GF 595, 
equipped with a Micro-Ibso attachment and Kodak film-holder. 
In order to obtain photomicrographs of samples of starch 
phosphate, it was necessary to use a negative staining tech- 
nique in which the slide was flooded with India ink by placing 
a drop of the ink next to the cover glass. 


Processing procedures 


Preparation of Starch-Water Slurries: Two different tech- 
niques were used to prepare starech-water slurries for this 
study. The first such procedure was designed to produce a 
product in which the starch had not been gelatinized and in 
which the granules were, for the most part, undamaged and 
unswollen. In this procedure, starch and water were added 
to the steam jacketed bowl of the 30 qt. Hobart mixer, Model 
S$ 301, operating on No. 1 speed. The mixer was then set on 
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No. 2 speed for a total of 10 minutes. Steam at 4 p.s.i.g. 
was admitted to the jacket of the mixing bowl during the 
iast 2 minutes of mixing; this resulted in a final product 
temperature of 145-150° F. This heating was not sufficient to 
cause gelatinization of the stareh, 

The second procedure was designed to yield a produet which 
had been heated for sufficient time to insure maximum swell- 
ing and gelatinization of the granules. This heating and 
mixing procedure was similar to that described above except 
that a product temperature of 185-190° F. was reached. 

Five per cent tapwater slurries of regular corn stareh and 
of pregelatinized, cross-linked waxy maize starch and three 
per cent slurries of starch phosphate were prepared. The hot 
viscosity readings of the several starch slurries were similar. 
Product was filled into No. 1 enameled eans with one-quarter 
inch headspace. The cans were then sealed, divided into 2 equal 
lots, and immediately placed at 0° or —40° F. storage. Before 
freezing and after regular intervals, samples were removed 
from storage and determinations made for enzyme suseepti- 
bility and separation of free liquid. 

Freezing and Thawing: To examine the effeet of freezing 
and storage temperature on the freeze-thaw stability of starch 
slurries, 5% slurries of Reg. PFP and HR W-13 starches were 
prepared using the techniques described above. Samples were 
evaluated before freezing and after freezing and storage at 
temperatures of 20°, 10°, 0°, and —40° F. for 1, 7, 14 and 
30 days. 

Liquid nitrogen (—196° F.) was used to achieve virtually 
instantaneous freezing in another part of the study. Samples 
of starch slurry were filled into a 20 ee. Luer-Lok syringe 
equipped with a No. 14 needle. By applying slight pressure 
to the syringe plunger, uniform droplets of approximately 
\% inch diameter were made to fall direetly into liquid nitro 
gen. A set of samples of the starches was instantaneously 
frozen as described above and stored at 0° F. for 1 week 
and 1 month. 

Unless otherwise indicated, samples were thawed in the 
original cans in a water bath at 100+5° F. This process 
required from 1 to 2 hours. In one experiment a Radarange 
unit (an eleetronie oven produced by Hotpoint Co., Chieago, 
lil.) was used to achieve thawing in less than 10 minutes. 

Shearing of Starch Slurries Prior to Freezing: Various 
shearing treatments were carried out with a colloid mill, a 
homogenizer, and «a comminuting machine. Two different 
umounts of shearing were effected in a type L.P. laboratory 
colloid mill (Manton-Gaulin Mfg. Co., Everett, Mass.). With 
the mill set for a clearance of 0.005 inches between dises, 
starch slurries were passed through the mill either one time 
or recireulated for a tote! period of 5 minutes which allowed 
ahout seven passes through the machine. A similar pair of 
treatments was made with a 2-stage piston type homogenizer 
(Manton-Gaulin Mfg. Co., Everett, Mass.). The first treatment 


involved passing the starch slurry through the unit once using 
a pressure of 2500 p.s.ig. In the second method one quart 
of starch slurry was recirculated for a total of 5 minutes or 
about seven times, with a pressure setting of 3500 p.s.i.g. 
When the Model .» comminuting machine (W. J. Fitzpatrick 
Company, Chicago, Il.) was used the slurry was passed through 
the mill a total of 4 times, The comminuting mach'ne was 
run at 4420 r.p.m. and equipped with a Y%e inch sereen. A 
control, unsheared set of samples was prepared with each 
treatment, 

High-Temperature Treatment of Starch Slurries: A labora- 
tory end-over-end agitating retort (1) was used to heat starch 
slurries to relatively high temperatures (200°-300° F.). Num- 
ber 1 cans were filled with a 185°-190° F. stareh slurry using 
% inch headspace and s-aled immediately. One can was 
equipped with a thermocouple connected to a recording poten- 
tiometer in order to follow the temperature rise at the center 
of the ean. The sealed cans were placed in the agitating retort 
und heated. After 8 minutes from steam-on to steam-off, the 
sans were pressure cooled to about 100° F., removed from 
the retort, and immediately placed in 0° F. storage. 

Preparation of Slurries for Analysis after Thawing: Thawed 
samples were placed in a steam jacketed mixing bowl of a 
Kitchen Aid mixer. The mixer was operated without heating 
at No. 2 speed for 5 minutes after which enough sample was 
removed to carry out the various required tests. The material 
remaining in the bowl was allowed to mix, with heating, for 
an additional 10 minutes. These 2 samples were referred to 
as A (thawed, but not reheated) and B (thawed and reheated), 
respectively. 


RESULTS AND DISCUSSION 


Starch which has undergone retrogradation is not 
attacked by B-amylase. Workers (//) have made 
use of this fact in studying retrogradation of 
starch-water systems. Unless exceptional care and 
precautions are taken, measurements of viscosity, 
weeping or free-liquid separation, and similar phys- 
ical properties do not yield the degree of accuracy 
and reproducibility obtained in measuring enzyme 
susceptibility. 

Statements describing gross changes in appearance 
which occurred in starch slurries during freezing, 
storage, and thawing, were recorded. Comparison of 
data for Reg. PFP starch preheated at 185° F. in 
Table 1 indicates that enzyme susceptibility meas- 
urements are related to gross changes in physical 
appearance. Figure 1 depicts the appearance of Reg. 


TABLE 1 


Effect of freezing and storage conditions on enzyme susceptibility and gross physical appearance before freezing and after thawing 


Days storage Gross physical appearance 


Storage temp., | 
Starch and preheat temp 0 | 1 | After thawing, without 
| 


Before freezing mining 


Enzyme susceptibility, E.S. 


| Milky suspension Coarse, milky suspension 


Milky suspension Coarse, milky suspension 
Milky suspension Coarse, milky suspension 
Milky suspension Coarse, milky suspension 


Reg. PFP at 145 
Reg. PFP at 145 
Reg. PFP at 145 
Reg. PFP at 145 


Loose sponge ; free liquid 
Loose sponge ; free liquid 
Loose sponge ; free liquid 
Sponge—extremely loose 


Reg. PFP at 185° F.. 2 i. “a Smooth gel 
Reg. PFP at 185 ; Smooth gel 
Reg. PFP at 185° F.............. . Smooth gel 
Reg. PFP at 185° F................ - 26.9 Smooth gel 


Syrupy Lumpy; coarse 
Syrupy Lumpy; coarse 
Syrupy Lumpy; coarse 
Syrupy Lumpy; coarse 


HR W-135 at 145° F............. 28.0 
HR W-13 at 145° 28.0 
HR W-138 at 145° F............... 28.0 
HR W-13 at 148° F................] 28.0 


HR W-15 at 185 senccensecese : 29.6 
HR W-13 at 185° F......... | 29.6 
HR W-13 at 185° F.............. 29.6 
HK W-13 at 185° F.................| | 29.6 | 


' Sampled after thawing and mixing for 5 minutes without heating (Post-thaw treatment A) 


Syrupy | Heterogeneous ; lumpy 
Syrupy | Heterogeneous ; lumpy 
Syrupy Heterogeneous ; lumpy 
Syrupy Heterogeneous ; lumpy 


tS to te 


a 
i 
44 
toy 
ie 
10 5.5 5.6 5.7 
—40 5.5 | 5.6 5.5 
| 
| 7 | 25.6 
25.0 
0 24.0 
27.0 
7.6 26.6 
26.0 
5.1 | 25.7 
4 
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PFP starch pastes after thawing. In trying to ex- 
plain the relationship between retrogradation result- 
ing in sponge formation and amyloclastic suscepti- 


After Thawing and Mixing 5 Minutes 


After Thawing and Reheating 10 Minutes 


Figure 1. Photographs of sponge development in Reg. PFP 
starch slurries after freezing and thawing. 


bility of regular corn starch, it may be theorized that 
a tight alignment of amylose molecules is caused by 
retrogradation. Thus, it becomes increasingly diffi- 
cult for the enzyme to penetrate the micellar areas 
of the starch molecule. 


Effects of preheating temperature 

Using 5% slurries of Reg. PFP and HR W-13, 
and 3% slurries of starch phosphate (SPHV), por- 
tions were heated either to 185° F. or to only 145° F., 
as described previously. 

In Figures 2, =. and 4, data have been incorporated 
concerning both the gross physical appearance of 
the experimental samples and the corresponding en- 
zyme susceptibilities of these same samples. There 
was a definite decrease in the enzyme susceptibility 
of 5% slurries of gelatinized (preheated to 185° F.) 
regular corn starch when such slurries were exposed 
to sub-freezing temperatures. These samples, which 
were smooth gels prior to freezing, exhibited sponge 
formation and syneresis after freezing and thawing. 

It was shown that slurries of Reg. PFP are stable 
to freezing when the granules are not gelatinized 
(preheated to 145° F.) prior to freezing. By con- 
sidering groups $ and 4 in Figure 2, representing 
Reg. PFP slurries which had been heated above the 
gelatinization point, it is seen that this gelatinization 
resulted in undesirable sponge formation (solid, 
dark bars). Comparable slurries (Figure 2, Groups 
1 and 2) which had not been pregelatinized were 
coarse milky suspensions after thawing (horizontal, 
shaded bars). 

Various preheating treatments did not have an 
appreciable effect on the stability of frozen slurries 
of HR W-13 or starch phosphate (Figures 3 and 4). 
Enzyme susceptibility decreased more in samples 
stored at 0° F. than at —40° F. (Figure 3, Groups 
2 and 4). 

Figure 5 contains photomicrographs of starch phos- 
phate samples before and after heat treatment at 
145° F. and 185° F. These show that while the 
granules lose their sharp outlines, the basic size 
and shape of these granules remains essentially 
unchanged after heat treatment. 

When sponges or other insoluble conglomerates 
were formed, it was found that reheating the thawed 
samples for 10 minutes greatly reduced the spongy 
or lumpy consistency and caused the enzyme sus. 
ceptibility to rise to a level comparable with that 
of corresponding samples which did not exhibit any 
of these undesirable characteristics either before or 
after freezing (e.g., E.S. values of 29.1 and 30.2, 
respectively). However, the appearance of the re- 
heated samples was noticeably grainy in most cases 
(Figure 1). 

To illustrate the importance of the gelatinization 
point as related to freeze-thaw stability, a set of 
samples of Reg. PF'P starch similar to those described 
above was prepared in such a way that the samples 
reached maximum temperatures of 155°, 163°, and 
170° F. The samples were allowed to remain at 
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Group No. 1 
Storage Temp, (°F.) 
Preheating Temp. (°F.) 1L5 


UNITS 


ENZYME SUSCEPTIBILITY, E.S. 


© 7 22 bh 180 © 7 22 bs 180 © 7 22 bs 180 
STORAGE TIME, DAYS 


Figure 2. Effect of preheating, storage temperature and storage time on freeze-thaw stability 
of 5% slurries of regular corn starch. 


Storage Tem. (*F.) a0 0 
Preheating Temp. (°F.) US 185 185 
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Figure 3. Effect of preheating, storage temperature and storage time on freeze-thaw stability 
of 5% slurries of HR W-13 waxy maize starch. 
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Storage Temp. (*F.) 0 


u 
Preheating Temp. (°F.) 185 
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Figure 4. Effect of preheating, storage temperature and storage time on freeze-thaw stability 
of 3% slurries of starch phosphate. 
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Engineer Phil Brown had a problem: A food processing 
operation in his plant was being expanded, necessitating 
rearrangement of existing units and installation of new 


equipment. New pipelines had to be provided to convey liquid 
and semi-solid foodstuffs—and time was at a premium! 

Down time had to be held to an absolute minimum, so the 
changeover would have to be made fast. But conventional 
piping installations take time . 


So Phil dug out his copy of Tygon Tubing Bulletin T-100, and 
verified the fact that this versatile piping medium could 

solve many of his liquid food transmission problems— 

and solve them faster and more economically. 


He found, for example, that Tygon Tubing can be installed 
quickly in long continuous runs without joints or couplings, 
and its extreme flexibility makes it adaptable to any layout. 
He learned that it is completely non-toxic—safe for even 
the most sensitive foods——and resistant to all food acids 
and alkalies. He liked its glass clear transparency which 
permits instant visual inspection of flow, and the fact that 
it can be disassembled and cleaned or steam sterilized 

in minutes. 


Now Phil has the problem well in hand. At the moment he 
is referring to Bulletin T-100, selecting his requirements from 


the many types of Tygon Tubing (including vacuum and 
pressure types), and from the wide range of bore sizes— PLASTI C 


from 1/32” to 4” I.D. 
Why not ask for your free copy of Bulletin T-100 today? TU BI N G 
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these maximum temperatures for exactly ten minutes. 
Samples were then canned and stored at 0° F. 

Table 2 contains data which indicate that once 
the starch slurry reached the critical gelatiniza- 
tion temperature of 163° F., the typical undesirable 
changes such as sponge formation and syneresis 
occurred in the frozen and thawed samples, thereby 
making the slurry undesirable for use in precooked 
frozen food products. There was essentially no dif- 
ference between the sample heated to the critical 
gelatinization temperature and all samples which had 
been heated to as high as 185° F. The samples which 
had been heated to a maximum temperature of 
155° F. exhibited none of the above undesirable prop- 
erties (Table 2), and were similar in all respects 
to those preheated to 145° F. 


Effect of freezing and storage temperature 
The effects of freezing and storage temperature 
are presented in Table 1. The data for 7 and 14 
days’ storage were omitted because they were essen- 
tially the same as for the 30-day storage shown. 
Although enzyme susceptibility data indicated that 
the rate of retrogradation was higher at a freezing 
and storage temperature of 0° F. than at —40° F., 
this fact was not readily observed in the gross physi- 
cal appearance of the samples. Essentially no dif- 
ferences in appearance between comparable samples 
stored at various temperatures are found in Table 1. 
Since the enzyme susceptibility data show that con- 
» siderable retrogradation occurred at 0° F., the tem- 
- HEATED TO I45°F perature commonly recommended for storage of fro- 
zen foods, subsequent starch slurries were stored at 
this temperature. 
Because the preceding studies indicated that the 
rate of retrogradation was noticeably lower at 
—40° F. as compared to 0° F., representative sets of 
samples of pregeiatinized Reg. PFP and HR W-13 
starches were prepared and frozen by direct immer- 
sion in liquid nitrogen. One set of samples was 
evaluated immediately after freezing; a second set 
was placed in O° F. storage to observe whether 
changes in freeze-thaw stability would occur in frozen 
storage even after instantaneous freezing. Because 
extremely rapid freezing was used, it was considered 
desirable to compare rapid thawing in a Hotpoint 
Electronic Range with conventional slow thawing in 
SPHV- HEATED TO I85°F a 100°. F. water bath. Six minutes in the electronic 
unit brought the samples to room temperature, 
whereas 60 minutes were required to do this in the 
water bath. Results of these experiments are shown 


in Table 3. 


Figure 5. Photomicrographs of a starch phosphate slurry before 
treatment and after heating to 145° F. and 185° F. 


TABLE 2 
Freeze-thaw stability of 5% slurries of regular corn starch preheated to various temperatures and stored at 0° F. 


Days storage 


Preheating temp., 0° F 1 7 17 | i 7 


Enzyme susceptibility, E.S. units Liquid separation, in sixteenth inch 


7.8 7.0 * | 
10.1 | 8.2 ( 23 
9.6 8.1 ) 2 24 


* Not gelatinized; a blotter test for liquid separation could not be used 
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TABLE 3 
Effect of instantaneous freezing and rapid thawing on freeze-thaw stability of Reg. PFP pregelatinized starch slurries 


Treatment 


Frozen in liq. Ne, thawed in electronic oven after storage 
Frozen in liq. Ne, thawed in water bath after storage 
Oontrol (not frozen in liq. Ne). Thawed in water bath after storage.. 


Instantaneous freezing eliminated sponge forma- 
tion from samples of Reg. PFP starch and the 
curdled post-thaw appearance from HR W-13 sam- 
ples. All samples frozen in liquid nitrogen retained 
their original properties, both immediately after 
freezing and after storage at 0° F. for one week. This 
latter observation is of particular importance since 
in almost all other storage studies it was observed 
that considerable retrogradation took place during 
the first few days storage at 0° F. A storage period 
of one week is not of sufficient length to justify any 
conclusive statements concerning the occurrence of 
retrogradation over storage periods of much longer 
duration. The data do, however, indicate that smaller 
ice erystals representing a more dense system de- 
creased the likelihood of molecular alignment neces- 
sary for retrogradation. 

Within the limitations of this study extremely 
rapid thawing in the electronic range did not appear 
to offer any major advantages over thawing in a water 
bath at 100° F. This does not agree with the findings 
of earlier workers (7). 


Effects of shearing treatments on freeze-thaw stability 


Slurries of Reg. PFP and HR W-13 starches were 
prepared and subjected to the actions of 3 different 
types of shearing devices. Control, unsheared sam- 
ples were also prepared for each treatment. Shear- 
ing of starch slurries by means of the colloid mill, 
the Fitz Mill, and the homogenizer did not appre- 
ciably affect the enzyme susceptibility of the samples. 
In the case of regular corn starch, all prepared 
samples cooled to smooth gels immediately after 


Enzyme susceptibility, E.S. units 


Days storage at 0° F. Days storage at 0° F. 


1 | 7 0 i 7 


Liquid separation in sixteenth inch 


shearing treatment. Sheared slurries which were then 
frozen and later thawed all exhibited sponge forma- 
tion, regardless of type of shearing treatment. Simi- 
larly, waxy maize samples were smooth and homo- 
geneous before freezing, but were curdled and lumpy 
after freezing and thawing. There was some question 
as to whether any significant granule shearing had 
actually taken place. To clarify this point, photo- 
micrographs were taken and it was noted that essen- 
tially no granule damage had been effected. 

The effect of more severe shearing treatment was 
studied with Reg. PFP and HR W-13 starch slurries. 
Photomicrographs showed that homogenizing a HR 
W-13 sample at 3500 p.s.i.g. resulted in severe shear- 
ing in contrast to the lack of shearing at 2500 p.s.i.g. 
as described above. A comparison was made between 
these moderate and severe shearing treatments as 
they affect the enzyme susceptibility of starch slur- 
ries. Table 4 summarizes this comparison. This ex- 
treme reduction of granule size did not result in a 
major increase in enzyme susceptibility even though 
there was a considerably larger amount of surface area 
available for enzyme attack. Apparently, the enzyme 
susceptibility of a starch in suspension is not a func- 
tion of particle size, but is probably directly related 
to porosity of the starch granule. 


Effects of treatment at high temperature 


In order to determine the effect of high tempera- 
ture, slurries were prepared by preheating to 185° F., 
filling into Number 1 cans and rapidly heating to 
high temperatures in an end-over-end agitating re- 
tort. Samples of 3 starches were heated simultane- 


TABLE 4 


Comparison of moderate with severe shearing on enzyme susceptibility of starch slurries frozen and stored at 0° F. 


| 
Preheating 
Starch | temp., °F. 


Type of shearing action 1 | 7 


| Days storage 


Enzyme susceptibility, E.S. units 


5.3 5.9 
4.8 5.3 | 
5.0 6.0 


Control 
Homogenized—2500 p.s.i.g. 
Homogenized—3500 p.s.i.g. 

for 5 minutes 


Reg. PFP 4 | 145 
| 145 


Control 26.8 13.7 14.0 
Homogenized—-2500 p.s.i.g. 26.6 16.1 | 16.3 
Homogenized—3500 p.s.i.g. 28.6 19.0 | 17.3 

for 5 minutes 


185 
Reg. PFP | 185 


HR W.15 145 Control 

HR W.-18. 145 Homogenized—2500 p.s.i.g. 
HR 145 Homogenized—3500 p.s.i.g. 
for 5 minutes 


185 Control 

185 Homogenized—2500 p.s.i.g. 

Homogenized—3500 p.s.i.g. 
for 5 minutes 


HR 
185 
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ously at the experimental temperature to minimize 
error. From the data in Table 5 it seems evident 
that the rate of starch retrogradation at 0° F., as 
measured by enzyme susceptibility, appears .o be a 
function of the degree of heat treatment received 
prior to freezing. Starch slurries which were treated 
at very high temperatures appeared to retrograde at 
a slower rate. However, as shown in Table 5, even 
samples processed at 300° F. were far from accept- 
able in gross physical appearance after freezing and 
thawing. 


TABLE 5 


Effect of high-temperature processing on enzyme susceptibility 
and physical appearance of Reg. PFP starch slurries 
frozen and stored at 0° F.* 


Days storage Gross physical appearance 


Preheating 0 | 1 60 


temp., °F. 


| 
| 


freezing thawing 
Smooth gel | Sponge 
Smooth gel | Tough sponge 
Slippery | Tough sponge 


Slippery | Sponge 


Enzyme susceptibility, 


| Before After 
E.S. units 


225 27.0 | 10.9 10.9 
250 275 | 11.8 15.0 
270 | 27.3 | 18.1 14.0 


300 | 27.5 19.1 14.0 


All of the samples in this particular study were thawed and mixed 
for five minutes without heating in the Kitchen Aid mixer prior to 
sampling for various tests (Post-Thaw Treatment A). 


SUMMARY 


Effects of various processing variables on the 
freeze-thaw stability of starch slurries were investi- 
gated. Two starches and a starch derivative were 
included. Other variables were processing of the 
slurry, rate of freezing, storage temperature, thawing 
and post-thaw treatment. The susceptibility of the 
starch to enzyme action generally decreased with 
an increase in starch retrogradation as indicated by 
sponge formation, svneresis, and lumpiness. 

Retrogradation was essentially eliminated from 
frozen Reg. PFP starch slurries which had not been 
heated to the critical gelatinization temperature. 

It was shown that the enzyme susceptibility of 
slurries of HR W-13 starch and starch phosphate 
did not significantly change as a result of freezing 
and thawing. Similarly, preheating of such slurries 
to temperatures as high as 185° F. had no noticeable 
effect on freeze-thaw stability. 


Retrogradation was found to take place at the 
most rapid rate during the 24-hour period after the 
starch slurries had been placeJ in frozen storage, and 
continued to take place at a much slower rate during 
subsequent storage. 

Freezing starch slurries instantaneously by direct 
immersion in liquid nitrogen made it possible to 
eliminate sponge formation from samples of pre- 
gelatinized regular corn starch and the curdled ap- 
pearance from waxy maize slurries. After storage 
at 0° F. for one week, samples frozen by this method 
gave no indication of retrogradation. 
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Characteristics of Corn Starch and Starch 
Derivatives as Affected by Freezing, 


Storage and Thawing. Il. 
White Sauces: 


(Manuscript received June 16, 1959) 


I, RECENT YEARS, the increased 
interest in precooked frozen foods for the retail mar- 
ket has encouraged development of such items as 
frozen meat pies, frozen tray dinners, frozen stews, 
and other gravy-containing mixtures. The stability of 
white sauces or gravies which can be used in such pre- 
cooked frozen foods has been studied (2, 4, 5, 6). Some 
workers have attacked this problem with regard to the 
effect of specifie additives such as sugars, acids, fats, 
and proteins on the stability of starch-thickened 
sauces (12). Others have been interested in the effect 
of the same additives in simple starch-water systems 
(10, 11). A lesser amount of work has been done on 
the effect of physical treatments on frozen white sauce 
stability. 

Hanson (4) points out that separation of free liquid 
or ‘‘weeping’’ and the curdling that develops due to 
starch retrogradation when such sauces or gravies are 
frozen are generally regarded (3, 8) to be important 
quality defeets. This unsightly appearance reduces 
consumer acceptance. 

Food processors are in need of a thickening agent 
which would be stable to freezing and frozen storage. 
Hanson (4) has suggested that salad dressings and 
desserts (puddings, custards, etc.) as well as sauces 
and gravies could be prepared as stable and very 
acceptable preeooked frozen foods providing the right 
thickening agent or combination of thickening in- 
gredients could be found. More recent applications 
include frozen pies, frozen baby foods, and frozen 
condensed soups. The increased demand for precooked 
frozen foods warrants further investigation of the 
factors involved in the low temperature stability of 
thickening agents. 

Prior to this study, an investigation was carried 
out on basie starch-water systems (Ja). Three radi- 
eally different thickening agents were investigated to 
determine the effects of preheating treatments, freez- 
ing and storage temperatures, starch granule shearing 
by physical means, and high temperature treatment 
on the freeze-thaw stability of starch-water systems. 
Many of the techniques and results from these earlier 
studies were utilized in this investigation. 
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"Submitted by the senior author in partial fulfillment of the 
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The objective of this research was to produce a 
typical white sauce system stable to freezing, frozen 
storage and subsequent thawing at room temperature. 
Of special significance in the present study was the 
use of high-pressure homogenization techniques and 
instantaneous freezing of white sauce systems using 
liquid nitrogen. Other treatments involved gelatini- 
zation and storage temperature effects. Replicated 
samples were organoleptically evaluated. 


EXPERIMENTAL METHODS 


Sauce ingredients. Three starches were included in this investi 
gation, namely regular corn starch (Reg. PFP“), pregelatin 
ized, cross-linked waxy maize starch (HR W-13"), and starch 
phosphate (SPHV*). The only other thickening agent was a 
commercial all-purpose flour. Skim milk (0.5% butterfat or 
less) was obtained from a local dairy. The fat was Crisco, a 
hydrogenated vegetable oil shortening. Ordinary table salt was 
the remaining white sauce ingredient. 

Equipment. The Model S 301 Hobart mixer described in 
the previous paper (1a) was equipped with a whip attachment 
for preparation of white sauces. The two-stage Manton-Gaulin 
Type 25 CGB homogenizer was employed to shear white sauces 
at a pressure of 3500 p.s.i.g. and a rate of 22 ee. per second. 

Analytical procedures. The test for amyloclastic susceptibility 
described by Volz and Ramstad (9) as modified by Albrecht 
(1) was used, Syneresis was determined by the standard blot- 
ter test. Since starch systems which have undergone retro- 
gradation generally are unable to bind water tightly, measure- 
ment of syneresis or weeping usually can be correlated with the 
degree of retrogradation which has taken place. 

Preparation of white sauces. Standard white sauces were pre- 
pared from each of the 4 thickening agents previously de 
scribed. Ingredients used in the sauces were each obtained from 
a single source to minimize variations in results due to in- 
gredient variations. The amounts of fat, salt, and skim milk 
remained constant per bateh for all thickening agents: fat— 
400 g., salt—57.6 g., and skim milk—8656 g. 

The amount of thickening agent used in each case was varied 
in order to produce paste viscosities which were essentially 
equal when measured at a temperature of 180° F. They were as 
follows: regular corn starch (Reg. PFP), 320 g.; pregelatin- 
ized, cross-linked waxy maize starch (HR W-13), 320 g.; starch 
phosphate (SPHV), 280 g.; and, ordinary all-purpose flour, 
464 g. The hot viscosities of these white sauces ranged between 
1300 and 1500 centipoises when measured with the Brookfield 
Synchro-Lectrie Viseometer equipped with helipath stand. 

Fat was liquefied by warming to about 140° F. in the steam- 
jacketed bowl of the mixer. Thickening agent was added and 
mixed thoroughly with the fat to form a roux, or smooth fat- 
starch mixture. Skim milk was preheated to 140° F. in a sepa- 
rate jacketed kettle. After the starch-fat roux had been 
prepared, the warm milk and salt were added to the mixture. 
The complete sauce was mixed for 20 minutes at medium speed. 
The dough beater attachment was used during the first 15 

“ American Maize Products Co., Roby, Indiana. 

* International Minerals and Chemical Corp., Skokie, Illinois. 
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minutes of mixing; the large whip for the last 5 minutes. 
Four p.s.i.g. steam pressure (225° F.) was maintained in the 
mixing bowl jacket. This resulted in a final product tempera- 
ture of 185-190° F. 

In addition a white sauce was prepared with Reg. PFP 
starch which was not allowed to gelatinize prior to freezing. 
The procedure was exactly as described above, except that in- 
stead of heating for 20 minutes, the total mixing time was 10 
minutes and the sauce was maintained at a temperature of 
140° F, 

Each sauce was divided into 4 equal portions. The first of 
these was filled into Number 1 enameled cans, closed and placed 
in 0° F. storage. A second portion (about one quart) was 
placed in the laboratory homogenizer and allowed to recirculate 
for 5 minutes, during which time each inerement of sauce 
received about 7 passes through the homogenizing orifice. The 
unit was operated at a pressure of 3500 p.s.i.g. since pre- 
liminary experiments indicated that an operating pressure 
greater than 2500 p.s.i.. would be required to yield any 
improvement of freeze-thaw stability of white sauces. After 
homogenization, the sauce was canned and placed in 0° F. for 
freezing and storage. 

A third portion of sauce was frozen directly in liquid nitro- 
gen. Drops of white sauce were allowed to fall from a stain- 
less steel spoon directly into a large Dewar flask containing 
liquid nitrogen (—196° F.). An effort was made to drop the 
sauce in such a manner that about 4 in. diameter droplets 
would fall into the liquid nitrogen. After freezing, the sauce 
pellets were canned and placed at 0° F. Finally, a fourth 
portion was homogenized as for portion 2, then frozen in liquid 
nitrogen as for portion 3, canned and placed in storage. 

Samples were stored for 0, 1, 7 and 14 days. The entire 
experiment was replicated 3 times. A 6-member taste panel 
evaluated samples for smoothness, liquid separation, mouth feel, 
flavor, and general acceptability. These factors were rated 
using a numerical seale of 1 to 5. Descriptive ratings with 
suggested scores were included on the seore sheets to aid the 
panel and to improve the reliability of the testing. For exam- 
ple, in grading the factor of smoothness, very smooth homo- 
geneous sauces were given a suggested rating of 5, while sauces 
exhibiting moderate graininess (20-80%) were rated 3 and 
very lumpy sauces were rated 1. Similar sets of descriptive 
terms for each major factor along with suggested numerical 
ratings from 1 to 5 were included on the taste panel score 
sheet. Taste panel data were subjected to a statistical analysis 
of variance using a single degree of freedom analysis (7). 
Samples were also examined for ‘‘weeping’’ and enzyme sus- 
ceptibility and the data similarly analyzed. 

Post-thaw preparation of sauces for enzyme susceptibility 
analysis. After samples had been completely thawed, cans were 
opened and the contents placed in the mixing bowl of a small 
Kitchen Aid mixer. The mixer was operated on medium speed 
for 5 minutes, at the end of which time sufficient sample was 
removed to carry out the physical and chemical tests. 


RESULTS AND DISCUSSION 


Figure 1 shows pictures that are representative of 
the various white sauces encountered in this study. 
The terminology illustrated in this figure was used to 
summarize the appearance of the samples before and 
after freezing. 

A comparison of the organoleptic data contained in 
Table 1 with results of enzyme susceptibility analyses 
(not shown) indicated that this chemical test was not 
a reliable criterion of undesirable changes occurring 
in frozen white sauces. For example, in the case of the 
control white sauce prepared with Reg. PFP starch 
(unhomogenized, no liquid nitrogen freezing treat- 
ment), the sample became very lumpy after freezing 
and storage as indicated by a drop in organoleptic 
smoothness score from 4.0 to 1.4 (Table 1). However, 
the corresponding enzyme susceptibility values for 


sENEOUS 


WATERY, WITH FAT GEL 


Figure 1. . Photograph of white sauce samples after various 
treatments illustrating descriptive terminology in the text. 


these two samples were 94 and 95, respectively, instead 
of showing a noticeable decrease as found for stareh- 
water systems. This general lack of agreement was 
exhibited throughout. 

The failure of this test as an index of retrograda- 
tion when applied to white sauces may be ascribed to 
any one of the ingredients present in the sauce, ex- 
cluding the thickening agent. The most likely 
explanation appears to concern the fat content of the 
sauce. Because tue starch received an intimate mixing 
with the liquefied fat prior to the incorporation of 
other ingredients, it is probable that the fat formed 
a protective coating around the starch granule. Even 
with this coating, a certain amount of enzymatic action 
could be possible initially. However, retrogradation 
due to freezing and thawing might take place within 
the protective coating and remain undetected by 
enzyme susceptibility measurements. 

The concentration of thickening agent in the white 
sauce was, in general, less than that used in studying 
the basic systems. Also, the enzyme susceptibility of all 
samples was much higher for sauces than for starch 
slurries. Therefore, one may also theorize that the 
other reducing substances present in the sauce over- 
shadowed the changes occurring in the starch com- 
ponent, and thus made it impossible for such changes 
to show up in enzyme susceptibility data, 

As indicated in the first paper of this series, enzyme 
susceptibility of a starch in suspension apparently is 
not a function of particle size, but is probably directly 
related to the porosity of the starch granule. This 
porosity would be changed by the molecular realign- 
ment oceurring during retrogradation. 

The complete statistical analysis of variance per- 
formed on the data from this storage study on frozen 
white sauce (1) is too lengthy for inclusion here. 
Only those single effects and interactions considered 
to be of greatest interest are shown in Table 2. The 
factors of mouth feel and enzyme susceptibility were 
omitted due to a general lack of signifieance. The 
mean square figures were omitted because the table is 
abbreviated and only the degree of significance is 
indicated in each case. 
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TABLE 1 


Average taste panel scores for white sauces processed, frozen and stored at 0° F. 


Smoothness 
j Days storage 

| Homogeni 5 

Thickening agent | 


swe 


- 


coo 


« 4.8 

‘ 4.5 
1.0 
| 2.1 


Flour.... 


+ Homogenized for 5 minutes at 3500 p.s.i.g. 

— No homogenization treatment. 

++ Frozen in liquid nitrogen prior to 0° F. storage. 
—— No liquid nitrogen treatment prior to 0° F. storage. 


As may be seen in Table 2, the effect of storage was 
significant as a none vs. some relationship at the 1% 
level; a linear storage relationship was found to be 
significant at the 5% confidence level for all factors 
except smoothness and mouth feel. No significant 
quadratic effect was found for storage. Table 1 


TABLE 2 


Partial summary of statistical analysis of variance on organoleptic 
ite sauces 

| General 

accept. 


Factors and 


Ss 
interactions | Smoothness 


separation 


* 
** 


** 
** 

** 


confidence level. * Significant at the 5% 
confidence level. — Not significant. 
D = storage (1 = some vs. none; 2 = linear relation). 
B = homogenization (1 = homogenization for 5 minutes at 3500 
p.s.ig.). 
© = freezing technique (1 = 
0° storage). 
A = thickening agent (1 = pregelatinized vs. ungelatinized regular 
PFP; 2 = pregelatinized regular corn starch vs. HR W-13 + 
SPHV + flour; 3 = HR W-13 vs. SPHV and flour; 4 = SPHV 
vs. flour). 


freezing in liquid nitrogen prior to 


| 
| 


| 
| 


| 
| 
| 
| 
| 


! Regular corn starch preheated to 145° F., and kept at this temperature for 10 minutes. Not pregelatinized. 


Liquid separation 


General 
Mouth feel Flavor acceptability 


Days storage 


Days storage Days storage Days storage 


| 
| 44 0 | 0 


Average scores for three replications 
5.0 
5.0 
2.9 


1.6 


3.8 


tem | 


| 
| 
| 
| 


5.0 
5.0 
5.0 
4.9 


wan ® 


bo to 


aoe 


eo 


| 


te bo 


noe Peon 


| 
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(thickeners 1 and 5) indicates that 14 days’ storage 
at 0° F. adversely affected the stability of samples 
containing either pregelatinized Reg. PFP or flour. 
This finding was also in agreement with conclusions 
reached in earlier experiments with simple systems 
(1a). 

It was found that freezing in liquid nitrogen was 
not significant at the 5% confidence level. The fact 
that the liquid nitrogen technique in itself did not 
have a significant effect was in direct contrast to 
observations made with simple starch-water systems. 
In these simple systems, the more rapid the rate of 
freezing, the more stable the starch slurry. This com- 
plete reversal in observations is the first of several 
such notable variations between simple and complex 
starch systems. 

The major differences in behavior between white 
sauces and basic starch-water systems are due to more 
than variations in formulation. To be sure, fat, skim 
milk, and salt each contributes to the complexity of 
the freeze-thaw stability problem. In addition, how- 
ever, there exists an extremely complicated interaction 
between these factors. This situation makes it neces- 
sary to evaluate processing techniques directly on the 
complete formulated product under consideration, 
rather than on the simple starch slurry. 

To further substantiate the above comments, it was 
shown that homogenization of pregelatinized Reg. 
PFP and flour samples for 5 minutes at 3500 p.s.i.g. 
produced white sauces noticeably superior to cor- 
responding samples which had not received this treat- 
ment (Table 1). The same homogenization of simple 
starch-water systems had practically no effect on the 
freeze-thaw stability (1a). The explanation for this 
reversal is not obvious. The presence of fat in white 
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sauces implies that homogenization may cause the 
smaller fat molecules to form a tighter and more uni- 
form protective coating around the starch granules, 
thus making it more difficult for molecular alignment 
to take place during freezing and storage. It is 
apparent from data in Tables 1 and 3 that homogeni- 
zation virtually created a new product, completely 
different in viscosity and freeze-thaw characteristics. 
While white sauces made with flour are ordinarily 
heavy and pasty, homogenization yielded a smooth 
product with a heavy syrup consistency, an ideal 
white sauce. 

To facilitate statistical analyses, it was necessary to 
predetermine the method of comparison to be used 
for various thickening agents. Obviously essential was 
a comparison of pregelatinized versus ungelatinized 
Reg. PFP starch. The ungelatinized samples were 
quite watery after thawing (Table 3) but formed 
excellent white sauces when reheated to the boiling 
point. This confirmed earlier statements concerning 
the desirability of using ungelatinized regular corn 
starch in some products to be frozen. 

Although taste panel scores in Table 1 indicated 
that acceptability of sauces made with ungelatinized 
Reg. PFP starch was poor, it was subsequently shown 
that these sauces could be made quite acceptable by 
post-thaw heating to gelatinize the starch. The use of 
ungelatinized regular corn starch as a_ thickening 
agent in precooked frozen foods is indeed limited to 
products which need not be in thorough suspension 
during frozen storage and which are reheated prior 
to consumption. A good example of such a product 
might be one of the frozen cream-style soups. 

A second comparison of thickening agents was made 
between pregelatinized Reg. PFP systems and the 
other 3 types of thickening agents, HR W-13, SPHV, 
and flour. A significant difference at the 1% confi- 
dence level was obtained for the factors of mouth feel 
and liquid separation (Table 2). 


The third comparison of thickening agents was 
made between HR W-13, starch phosphate and flour. 
Waxy maize, chosen because of its increasing accept- 
ance as one of the more acceptable thickening agents 
for many precooked frozen foods, was generally in- 
ferior to starch phosphate (Table 1), but superior to 
flour. 

A comparison of starch phosphate with flour re- 
sulted in significance at the 1% level (Table 2) for the 
factors of liquid separation and mouth feel. There 
was significance at the 5% level for the difference in 
general acceptability of the samples. Starch phos- 
phate, because of its unusual freeze-thaw stability, 
offers promise of being one of the most acceptable of 
the newer starch derivatives for use in precooked 
frozen foods. Its properties of cold-water swelling, 
formation of high viscosity suspensions, clarity, and 
lack of typical starch taste all add to its desirability 
as a stable thickening agent for frozen foods. 


SUMMARY 


To determine the applicability of the findings on 
freeze-thaw stability of starch-water slurries, an in- 
vestigation was carried out using standard white 
sauces prepared with regular corn starch, pregelatin- 
ized, cross-linked waxy maize starch, and starch phos- 
phate. A control white sauce was also prepared using 
all-purpose flour as the thickening agent. Treatments 
of the white sauces included severe homogenization 
and freezing in liquid nitrogen. Using a six-member 
taste panel, samples were evaluated for smoothness, 
liquid separation, mouth feel, flavor, and general 
acceptability. Taste panel and enzyme susceptibility 
data were analyzed using a single degree of freedom 
statistical analysis of variance. 

Storage was found to be significant at the 1% level 
in all cases with respect to some storage versus no 
storage. Freezing in liquid nitrogen was not statisti- 
cally significant. Thus, there was no benefit to be de- 


TABLE 3 
Effect of thickening agent, homogenization and rapid freezing on the gross physical appearance of white sauces stored at 0° F, 


Thickening agent 
| 
Reg. + of 
Reg. 
Reg. 
Reg. 
Reg. + | ++ 
Reg. 4 
Reg. ++ 
Reg. 
HR W-1: + 
+ ++ 
SPHV... + 
- ++ 
+ ++ 
Fiour.. + 


1 Preheated to 145° F. for ten minutes; not pregelatinized. 


Gross physical appearance 


Before freezing After thawing 
Syrupy ; homogeneous Syrupy ; homogeneous 
Syrupy ; homogeneous Syrupy, homogeneous 
Slightly lumpy Very lumpy; syneresis 
Syrupy ; homogeneous Very lumpy; syneresis 
Watery Watery 
Watery Watery 
Watery; fat scum Watery ; fat scum 
Watery; fat scum Watery ; fat scum 


Light syrupy consist Light syrupy consist. 
Light syrupy consist Light syrupy consist, 
Syrupy ; sl. lumpy Syrupy; homogeneous 
Syrupy; sl. lumpy Syrupy ; homogeneous 


Syrupy ; homogeneous 
Syrupy; homogeneous 


Syrupy; homogeneous 
Syrupy; homogeneous 


Syrupy; sl. lumpy Syrupy; homogeneous 
Syrupy; sl. lumpy Syrupy; homogeneous 
Heavy syrup cons‘st Too pasty 

Heavy syrup consist Too pasty 

Very pasty Lumpy ; syneresis 
Very pasty Lumpy ; syneresis 


® Homogenized samples of HR W-13 sauces were considered to be too thin for white sauces. 
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rived by extremely rapid freezing of white sauces. 
This was in direct contrast to results obtained with 
starch-water systems. 

On the other hand, it was shown that severe ho- 
mogenization of white sauces prior to freezing signifi- 
cantly increased the freeze-thaw stability of these 
sauces; this result was again in direct contrast to re- 
sults obtained with starch-water systems. However, it 
should be noted that these samples were not subjected 
to long storage periods, which might counteract the 
favorable effects of severe homogenization. 

The enzyme susceptibility test was found to be un- 
satisfactory as an index of freeze-thaw stability of 
standard white sauce in contrast to the simple starch- 
water system. Furthermore, some techniques which 
greatly improved the stability of simple starch-water 
systems had little such beneficial effect on white 
sauces, while other processing treatments gave the 
opposite results. It was concluded from this that a 
complex relation exists between the thickener and 
other ingredients in a white sauce and that the thicken- 
ing agent itself cannot be solely responsible for the 
curdled appearance of frozen white sauces. 

Based on the results of investigations concerning 
both white sauces and starch-water systems, thicken- 
ing agents were rated in decreasing order of freeze- 
thaw stability as follows: (1) starch phosphate, (2) 
ungelatinized regular corn starch (this technique is 
limited to products in which solids need not be sus- 
pended during freezing and storage and to products 
which are heated to near the boiling point before con- 
sumption), (3)  pregelatinized, cross-linked waxy 
maize starch, (4) all-purpose flour, and (5) regular 
corn starch (which is gelatinized prior to freezing as 
part of the sauce formulation process). 
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Of Professional Interest 


Report on the Symposium Entitled “Symposium on Foods: 
Enzymes Held at Oregon State College 


A SYMPOSIUM ON FOODS: Enzymes, 
sponsored by the Department of Food and Dairy 
Technology of Oregon State College and the National 
Institute of Health was held at Corvallis, Oregon, 
September 9-10. Some 200 scientists from throughout 
the West attended and heard discussions on past 
accomplishments, the present status, and future re- 
search problems related to enzymes and their role in 
foods. 

The enzyme symposium was one of the several sym- 
posia held on the Oregon State College campus in 
conjunction with the celebration of the Oregon Cen- 
tennial. It was also held to honor Professor Ernest H. 
Weigand, retired head of the Oregon State College 
Food Technology Department, for his 40 years of 
service to the Oregon Food Industry. 

H. W. Schultz, Head of the Food and Dairy Tech- 
nology Department, said that this symposium was a 
beginning of symposia in food science to be held at 
Oregon State College. He also announced that papers 
presented at the symposium will be published in book 
form by the Avi Publishing Company. 

Dr. E. M. Mrak, Chancellor and Professor of Food 
Technology, University of California, Davis, empha- 
sized the importance of enzymes in the field of food 
science. Today enzymes are finding their proper place 
of importance in food research and it is recognized 
that while some may create undesirable effeets in 
foods, others may be used to a great advantage, he 


said. 


CLASSICAL PROBLEMS SOLVED BUT 
MANY REMAIN 


Dr. David E. Green, Co-director, Institute for 
Enzyme Research, University of Wisconsin, discussed 
the future of enzymology. He pointed out that a foun- 
dation of the subject of enzymology was laid in the 
period prior to 1940 in Europe, but it was in this 
country during the °40’s and ’50’s that enzymology 
skyrocketed from a pigmy to a giant dominating the 
field of biochemistry. The classical problems have 
been pared to the bone and many of the once flourish- 
ing frontier areas have become quiescent. The less 
spectacular but more difficult problems remain to be 
solved. Important unsolved problems for the enzy- 
mologist include the mechanisms of hormone action, 
oxidative phosphorylation, gene action, muscular con- 
traction, protein synthesis, and the entire problem 
of biological organization. 

Dr. Paul K. Stumph, Professor of Plant Biochemis- 
try, Department of Biochemistry, University of Cali- 
fornia discussed the enzymes affecting food lipids. 
The importance of lipids as a food and as a means of 
storing energy and the known mechanisms for their 
degradation and synthesis were reviewed. The role of 


lipogenin as a new and important regulator in lipo- 
genesis and the function of vitamins in lipid utiliza- 
tion by humans were stressed. Dr. Ralph T. Holman, 
Professor of Physiological Chemistry, University of 
Minnesota reviewed the mechanism of lipoxidase ac- 
tion on polyunsaturated fatty acids and the implica- 
tions of such phenomena to the nutritive value and 
acceptability of foods. In no case has lipoxidase been 
demonstrated in animal tissue; rather, it is the cata- 
lytic activity of heme compounds present that is 
responsible for lipid oxidation in animal tissue in 
many instances. Mention was also made of recent 
findings in which the polyunsaturated fatty acids 
have been found to constitute a high percentage of 
the fatty acids in mitochondria and it was suggested 
that they may function as prosthetic groups of 
enzymes. 

Dr. David R. Goddard, Director of the Division of 
Biology, University of Pennsylvania, emphasized the 
need for research on biological organization in his 
discussion of enzymes affecting oxidative browning. 
An example of this problem is the presence of large 
quantities of oxygen in plant tissue and it is not 
until some damage has resulted in the tissue that 
polyphenoloxidase catalyzes the formation of brown 
pigments. 

Dr. James D. Ponting, Western Regional Research 
Laboratory, U.S.D.A., pointed out that the mechanism 
of polyphenoloxidase inactivation by sulfur dioxide 
has never been unraveled and that it is essential to 
know the oxygen content of fruit and vegetable tissue 
mentioned by Dr. Goddard in order to know the type 
of treatment necessary for preservation of the food. 
Other than sulfur dioxide, new methods involving 
heat inactivation appear promising for prevention of 
enzymatic browning, as do methods of controlling pH 
in the system. It was interesting to note that malic 
acid is more effective than citric acid in inhibiting the 
browning of apple juice. This was not attributed to a 
change in pH alone. 

Dr. Vernon H. Cheldelin, Director, Science Re- 
search Institute, Oregon State College, described the 
pathways of carbohydrate degradation and synthesis 
including the most recent information of the Pentose 
Cycle. Dr. Z. I. Kertesz, Professor of Chemistry, Cor- 
nell University, pointed out that similar progress has 
not been made in describing the enzymes involved in 
the syntheses pathways for the formation of cellulose 
and pectins. Incorporation of simple glucose and 
galactose into the cellulose molecule is well recognized 
but the steps involved are not known. Methyl donors 
contribute methyl groups but again mechanisms for 
this reaction as well as polymerization steps are still 
to be determined. The danger of using substrates 
other than the native system for a particular cellulase 
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Concentrated Flavors 
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test was pointed out. For example, the use of car- 
boxymethyleellulose as a common substrate for a cellu- 
lase test may give dubious results. 


ENZYME REGENERATION 


Dr. A. J. Balls, Professor of Enzyme Chemistry, 
Purdue University, dealt with enzymes affecting pro- 
teins and the phenomenon of enzyme regeneration. 
In the process of heat denaturation, the denatured 
proteins are more susceptible to proteolysis. The 
enzymes also are denatured but not necessarily at the 
same rate. The total effect, therefore, on a food system 
is a matter of timing. The enzymes that stay un- 
denatured longest can digest the less heat-resistant 
proteins and in the regeneration process the enzymes 
that revert most rapidly can hydrolyze the slower re- 
verting food proteins. Caution should be taken in the 
development of high-temperature short-time equip- 
ment for food processing since foods treated in this 
manner may be more susceptible to enzyme regener- 
ation, he said. 

Dr. B.S. Schweigert, Director of Research and Edu- 
cation, American Meat Institute Foundation, dis- 
cussed the importance of catheptie enzymes in aging 
and tenderization of meat. He also pointed out the 
value of using other proteolytic enzymes for the ten- 
derization process. Aside from the problem of select- 
ing the proper enzyme preparation, penetration and 
distribution of enzymes throughout the tissue is a 
critical factor in obtaining satisfactory results. 

In summarizing the symposium, Dr. Mrak empha- 
sized the need for greater cooperation between the 
different areas of scientific discipline. Greater ex- 
change of ideas and knowledge, and the utilization of 
team effort will result in more rapid progress in the 
area of food science and technology. 


PERSPECTIVES IN FOOD RESEARCH 


The symposium was concluded by a look at the per- 
spectives in food research by the late Dr. B. E. Proctor, 
Head (before his death on September 24, 1959) De- 
partment of Food Technology, Massachusetts Institute 
of Technology. Food research is now recognized as a 
factor of primary importance to all nations large and 
small, because of the population increases which are 
taking place all over the world. These population 
gains make food a factor of existence in some areas 
while in others it may be intimately connected with 
dreams of domination. Consequently, the importance 
of producing both quantity and quality of foods as 
well as assuring its delivery to the consumer in the 
most aeceptable form are problems of immediate and 
continuing consideration to the food industry. A food 
researcher must not only stay abreast of the basic 
problems, but he must also be constantly cognizant of 
the changing attitudes, health, and well-being of the 
consumer. This may be summed up by saying that the 
consumer wants quality and convenience at a reason- 
able price. Enzymology will undoubtedly play an 
important role.in providing the consumer with these 
requirements, he said. 
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News 


GREAT LAKES 


One hundred twenty-seven members and guests of 
the Great Lakes Section, Institute of Food Technolo- 
gists, enjoyed a very fine meeting at 'remont, Michi- 
gan, October 2, 1959. 

The morning program consisted of a tour through 
the Fremont plant of the Gerber Products Corpora- 
tion. The hour and a half tour covered the entire 
plant operation from raw product through processing, 
packaging, sterilization, labeling, casing, and ware- 
housing. The membership was quite impressed and 
happy to have the opportunity to go through the Ger- 
ber Products Company plant. 

Following a buffet luncheon at the Ramshorn Coun- 
try Club, Mr. Ray Wakefield, Director of Research 
for Gerber’s and National IFT President, discussed 
affairs of the Institute. 

The afternoon technical program consisted of three 
technical papers; Dr. Howard Stier, Director of the 
Division of Statistics, National Canners Association, 
Washington, D. C., discussed ‘‘Statistical Quality 
Control and Its Importance in the Food Processing 
Industry’’; Mr. L. Newsome, of the Continental Can 
Company, Chicago, Illinois, discussed, ‘‘ Unusual 
Problems in Food Processing,’’ and Dr. I. J. Pflug, 
Michigan State University, East Lansing, Michigan 
discussed, ‘‘ Controlled Atmosphere Storage of Fruit.’’ 

The results of the election of 1960 officers were an- 
nounced, and are as follows: Chairman, Joseph 
Adams; Vice-Chairman, I. J. Pflug; Treasurer, Paul 
A. Wolf; Secretary, Mary Morr; Executive Commit- 
tee, C. R. Scott, R. C. Frodey ; National IFT Council, 
J. Erickson. 


FLORIDA 


The Florida section got the 1959-60 season off to a 
good start with a two-day meeting October 2 and 3 on 
the University of Florida campus at Gainesville. Ac- 
tivities began with a well attended Executive Com- 
mittee meeting Friday morning and continued through 
Friday and Saturday, ending with the Florida- 
Virginia football game Saturday afternoon. 

An excellent program arranged by Dr. R. A. Denni- 
son, Head of Food Technology and Nutrition Depart- 
ment of the University of Florida included a ‘‘ Wel- 
come’’ by Dean Brooker, College of Agriculture, Uni- 
versity of Florida; ‘‘Food Research at Florida State 
University,’’ Dr. H. Lewis, FSU; ‘‘Food Technology 
Research at University of Florida,’’ Dr. R. A. Denni- 
son; ‘‘Basie Studies on Unsaturated Fat Oxidation,’’ 
Mr. Basil Tarladgis ; ‘‘Lipid Oxidation in Fish,’’ Mrs. 
Marelynn Zipser, FSU; ‘‘Variables Which Must Be 
Considered in Making Taste Panel Evaluations,’’ Mrs. 
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Alice Hodges, University of Florida; ‘‘ Factors In- 
fluencing Fermentation in Three Systems of Bread 
Making,’’ Mr. Charles Stone, FSU. 

Following a business session Friday night we en- 
joyed the highlight of the two-day meeting, which was 
an address on ‘‘The Physiological Basis of Flavor’’ 
by Dr. Lloyd M. Beidler, Professor of Physiology at 
FSU. 

The Saturday morning panel discussion ‘‘ What 
Should Constitute the Food Technology Curriculum’”’ 
moderated by Dr. R. A. Dennison created so much 
interest and discussion that the meeting carried on 
into the noon hour, most of the group forgetting all 
about the box lunches waiting. The discussions must 
have been interesting for this group to forget about 
eating. Panel members were Mrs. Virginia Allen, 
Director of Florida State High School Science Fairs; 
Dr. Aksel Olsen, Immediate Past President of IFT; 
Dr. W. R. Roy, Vice President Technical Services 
Division, Minute Maid Corporation; and Dr. A. H. 
Gropp, Professor of Chemistry and Assistant Dean, 
College of Arts and Sciences, University of Florida. 
They provided plenty of food for thought concerning 
the Food Technology Curriculum. 


A barbecue at beautiful Lake Wauburg Friday 
afternoon contributed even more to a pleasant well 
rounded meeting. Certainly our group is off to a good 
start in the 1959-60 season. 


INDIANA 


The Indiana Section’s last meeting was held on Fri- 
day, January 8, 1960, at Turners Atheneaum, 401 
East Michigan Street, Indianapolis, Indiana. The 
social hour at 5:45 E.S.T., followed by dinner at 
6:30 E.S.T. Dr. I. J. Hutchings, President-elect of 
the National I.F.T., addressed the meeting, which is 
held in honor of the past chairmen of the section and 
their wives. 


BY WAY OF REVIEW 


The section’s first meeting of the 1959-60 year was 
held at Turners Atheneaum. Mr. Samuel Alfend, 
Chief of the Cincinnati office of the Food and Drug 
Administration, discussed the new food additive 
amendment. Mr. Alfend pointed out the Administra- 
tion’s policy of firm and fair treatment for all. He 
invited the industrial representatives to come to their 
office and discuss common problems with them. All 
who attended were pleased to learn more about the 
additive amendment and to have Mr. Alfend as our 
guest. 

The annual Purdue meeting was held November 
13th at the Horticulture Building, Purdue Univer- 
sity. The afternoon scssion was conducted by re- 
searchers at the University. Dr. W. J. Stadelman, Dr. 
C. E. Parmelee, Dr. G. E. Vail, Dr. N. W. Desrosier, 
and Dr. 8. E. Hartsell discussed current interest in 
their various areas. 

The evening session was held at the Fowler Hotel. 
Dr. Erich L. Clitheroe of the Department of History, 
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Government and Philosophy at Purdue discussed Food 
Health and Politics in the Far East. 


The section is planning two other meetings in this 
current series, the first on Monday, March 21, 1960, 
and the second on Tuesday, May 10, 1960, at the Tur- 
ners Atheneaum. The social hour will begin at 5:45 
E.S.T. with dinner at 6:30 E.S.T. 


S. CALIFORNIA 


The annual Food Man of the Year Award was pre- 
sented posthumously to Dr. Ernest Geiger at the 
November meeting of the Southern California Section 
on Wednesday, November 18, in Los Angeles. Mrs. 
Lilly Geiger accepted the award from Chairman 
Henry Espoy who reviewed Dr. Geiger’s many ae- 
complishments in food and nutrition research dur- 
ing his long association with Van Camp Sea Food 
Company. 

Dr. Milo Don Appleman, Head of the Department 
of Bacteriology, University of Southern California, 
and long time friend of Dr. Geiger, gave the feature 
talk of the evening on the subject ‘‘A Few Problems 
of Food Spoilage, Infection and Intoxiecation.’’ 

Toxicity problems associated with certain fishes, 
such as mussels, rays, sea bass, ete., were discussed. 
Food poisoning resulting from bacterial spoilage due 
to Clostridium perfringens has been recently reported 
in this country. The probability of similar outbreaks 
in frozen meat pies and TV dinners were suggested 
since many processing plants hold these products too 
long in a temperature zone of 25° to 40° C. 

Staphylococci food poisoning is the most common 
type and accounts for about 1,500 cases each year in 
California. Better food handling controls are needed 
to cut down this type of intoxication. Salmonella in- 
fection, as distinguished from intoxication, resulting 
from food contaminated by a carrier is also a present 
danger. 

Dr. Appleman’s talk was well received by the mem- 
bership. 

—E. Kyle Bacon 


OHIO VALLEY 


Our first meeting of the year was held October 15 
in Silverton in the ‘‘Stube’’ of Meier’s Wineries. 
President Radcliffe Robinson called upon Secretary 
Wilbur Gould for a brief history of the Ohio Valley 
Section as part of a program to recognize tke 10th 
Anniversary of its founding. Dr. Gould reported on 
the first meeting of the Ohio Valley Association of 
Food Technologists which was held in Cincinnati, 
Ohio on October 10, 1946 with Dr. H. D. Brown of 
Ohio State University as guest speaker. The officers 
were R. A. Wait, President, N. H. Volle, Vice Presi- 
dent, and 8. H. Champlin, Seecretary-Treasurer. Sub- 
sequent meetings were held in Columbus, Cincinnati, 
Dayton and Louisville. At the February 5, 1949 meet- 
ing in Columbus, 105 persons were in attendance and 
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the following persons were appointed to organize the 
Ohio Valley Section of IFT: H. J. Alleman, K. 8. 
Chester, D. C. MeCoy, R. J. Ridenour, N. H. Volle, 
with F. H. Dellwo, Chairman. This Committee drafted 
the following petition and submitted same to the May 
21, 1949 meeting of this Association in Louisville, 
Kentucky. 


‘*Believing ourselves to be duly qualified and worthy of 
consideration, the undersigned hereby petition the Com- 
mittee on Regional Sections of the Institute of Food Tech- 
nologists that a Regional Charter be granted us. We wish 
to be known as the Ohio Valley Section of the Institute 
of Food Technologists with headquarters in the city of 
Cincinnati, Ohio and boundaries extending therefrom to 
inelude the states of Indiana and Ohio, south of U. 8. 
Highway No, 30, and the state of Kentucky. . . . We 
agree to support the aims of the Institute of Food Tech- 
nologists as set forth in its Constitution. We further 
agree to conduct our affairs in a manner preseribed by the 
Institute of Food Technologists Constitution as it now 
exists, or as it shall be amended from time to time. Re- 
spectfully submitted this 21st day of May, 1949, Chairman, 
N. H. Volle; Vice-Chairman, H. D. Brown; Secretary- 
Treasurer, Dan Ridenour.’’ 


In addition to the above officers, 25 National Mem- 
bers of the Institute of Food Technologists signed the 
petition. This petition was submitted to the National 
Committee on Regional Sections at the Palace Hotel 
in San Francisco on July 9, 1949. The 39 Councilors 
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in session accepted the petition of the Ohio Valley 
Section as Regional Section No. 15. The first meeting 
of the New Section was held on October 10, 1949. 
Then President Robinson presented framed certifi- 
cates to all of the past presidents of the Section, and 
introduced those who were present, including Florren 
Long, W. A. Gould, G. F. Garnatz, and N. H. Volle. 
Tribute was paid to past president and councilor H. D. 
Brown who died on September 29, as all present stood 
for a moment of silence. 

The three speakers for the evening each presented 
viewpoints on the topic, ‘‘The Effect of the St. Law- 
rence Seaway on the Food Industry In Ohio.”’ Mr. 
Robert C. Haldeman from the Transportation Section 
of the USDA in Washington explained briefly the 
physical facilities of the Seaway, the effect it is ex- 
pected to have on industry and commerce in Ohio and 
the midwest, mentioned a number of commodities that 
are presently being transported via the Seaway, em- 
phasizing that it will exert a very marked effect on all 
industry in this part of the country. Mr. J. Bert Moher 
of Inland Forwarding Company pointed out that the 
Seaway has put the interior of the United States in a 
new and favorable position for shipping to Western 
Europe. In the case of food processors located reason- 
ably close to Toledo, for example, they are as favorably 
located now as are processors in the metropolitan New 
York City area. Both speakers also pointed out that 
the same factors that tend to lower erport costs also 
have a similar effect upon import costs, so in certain 
instances foreign goods can now come into the Ohio 
Valley more advantageously than in the past. Dr. 
Gould had just returned from a month's trip to Ger- 
many and Italy where he participated in a large Inter- 
national Food Exposition in Cologne, and a sym- 
posium on frozen foods in Italy. He emphasized very 
strongly that conditions now are very favorable for 
the introduction and promotion of American foods in 
Western Europe as a result of the poor food crops 
there this year, and the fact that Europeans seem to 
be accepting and liking American foods more and 
more. Dr. Gould, as well as the other two speakers, 
placed strong emphasis on the idea that great possi- 
bilities exist right now for American Food processors, 
and particularly those in this area close to the Seaway, 
to explore and develop a relatively new and unde- 
veloped market for American foods: 


—Norman Spain 


NORTHEAST 


The speaker for our second meeting, November 17, 
was Nathaniel Brenner, Manager of Applications En- 
gineering, The Perkin-Elmer Corporation, Norwalk, 
Connecticut. Mr. Brenner is Manager of the Appli- 
eations Engineering Department of the Instrument 
Division of The Perkin-Elmer Corporation, Norwalk, 
Connecticut. Prior to his appointment as Manager of 
Applications Engineering, he was the Gas Chroma- 
tography Product Specialist for this department. Be- 
fore joining Perkin-Elmer, he was a spectroscopist at 
the Naval Air Experimental Station at Philadelphia. 


Mr. Brenner received his B.S. in chemistry in 1948 
from Queens College, Flushing, New York. 

Our December 15th meeting was Ladies’ Night. 
Nancy Carter, of the Sheraton Corporation, Boston, 
spoke on ‘‘Food Technology in the Hotel Industry.”’ 

Committees. Chairman Anderson is pleased to an- 
nounce that the following members have agreed to 
serve as chairmen of our various committees : 


Auditing—S. A. Goldblith, Dept. of Food Technol., 
M.L.T. 

Budget-—J. T. R. Nickerson, Dept. of Food Technol., 
M.LT. 

Employment—L. V. Taylor, William Underwood 
Co., Watertown, Mass. 

Hospitality—Co-chairman, J. Lieciardello, Dept. of 
Food Technol., M.I.T.; Co-chairman, Miss J. Tichenor. 
Flavor Lab., Arthur D. Little, Ine. 

Membership—F. J. Francis, Dept. of Food Technol., 
University of Massachusetts. 

Program—W. B. Esselen, Dept. of Food Technol., 
University of Massachusetts. 


Your committee chairmen and your section officers 
stand ready to answer questions, accept constructive 
criticism or praise relative to the operation of the 
Northeast Section of IFT. 

E. P. McFee 


ST. LOUIS 


On November 6th the members of the St. Louis See- 
tion were presented with a talk entitled *‘New De- 
velopments in the Application of Gums and Stabi- 
lizers to the Food Industry’’ by Mr. Leonard Walt, 
Chief Food Chemist for Morningstar-Paisley, Inc. Mr. 
Waldt’s exter: :ve experience in this field, particularly 
in the Brewimg Industry, made the talk very in- 
teresting. 

During the business section of the meeting the 
forthcoming Food Technology Short Course at the 
University of Missouri was discussed. This Short 
Course is sponsored jointly by the St. Louis Section, 
the Kansas City Section, and the College of Agricul- 
ture of the University of Missouri. It will be held 
March 11 and 12 and the theme will be the ‘‘ Impact 
of Convenience Foods on Processing, Packaging, and 
Customer’s Acceptance.”’ 

—L. J. Ahlberg 


CHICAGO 


Chieago Section IFT’ers took advantage of the 
combined meeting with the Wisconsin IFT Section in 
Madison to attend the Wisconsin-Stanford Football 
Game, and saw Wisconsin win the game in a close 
contest. Before the game, an excellent tour of the Uni- 
versity of Wisconsin’s Department of Dairy and Food 
Industries facilities was conducted and enjoyed by 
all who made the trip to Madison. 
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GREENGRAPE IMITATION has been 

developed in our laboratories to meet your 

demand for something new in today’s highly 

competitive market. This refreshingly different flavor 

has none of the winey overtones characteristic of 

the usual grape. Light and sparkling, GREENGRAPE 
IMITATION has that bright, fresh-from-the-vine 

taste of Thompson Seedless Grapes. You’ll find it 

ideal for gelatin desserts, cream centers, hard candies, soft 
drinks and pectin jellies. Here’s an opportunity for creative 
confectioners and food technologists to introduce an exciting 
new taste-color combination to their line. Remember it’s 


GREENGRAPE -— the colorful flavor with a great sales future. 


FRITZSCHE BROTHERS, Inc. 


A FIRST NAME iN FLAVORS SINCE 1871 


76 NINTH AVENUE NEW YORK 11, N. Y. 


Branch Offices and *Stocks: Atlanta, Ga., Boston, Mass., *Chicago, II!., Cincinnati, Ohio, Greensboro, N. C., 
*Los Angeles, Cal., Philadelphia, Pa., San Francisco, Cal., St. Louis, Mo., Montreal and *Toronto, Canada; 
*Mexico, D. F. and *Buenos Aires, Argentina. Factories: Clifton, N. J. and Buenos Aires, Argentina. 


| 
Generous FREE 
trial sample j 
3 on request. 
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Qur many thinks to the Wisconsin Section and to 
those who arranged the day’s activities. Also our 
appreciation to Dr. Ken Weekel and his associates in 
the Department of Dairy and Food Industries for 
their part in making the day a success, and for a job 
well-done. 

In spite of the ‘‘heavy dew’ 
second half of the game, a wonderful time was had by 


all. 


beginning in the 


BRITISH COLUMBIA 


The first meeting of the season for the B. C. Food 
Technologists and the B. C. Section Institute of Food 
Technologists was held at MeGavin’s Bakery Audi- 
torium on October 22nd. Mr. Henry Murdy and Mr. 
Reg. Boltar officiated. Members and friends were very 
enthusiastic about the papers which were on various 
phases of the meat-packing industry. As the first 
speaker Mr. Don MacKinnon, chief chemist of Burns 
and Company Ltd. Vancouver plant, developed points 
concerning the work of the chemist in the industry. 
He pointed out how many of the by-products such as 
tallows and inedible oils are now finding competition 
from the synthetics and how they as a company sup- 
port fundamental research through the American 
Meat Institute Foundation at the University of Chi- 
cago. Don’s work includes controlling of various addi- 
tives, checking the various operations in the plant and 
working with government inspectors to ensure opti- 
mum sanitation and cleanliness throughout the plant. 

Mr. Ray Gayton, food technologist and supervisor 
at Canada Packers, Ltd., told us of their problems in 
bringing livestock from producing areas such as Cal- 
gary, Lethbridge, Edmonton, Peace River, and Wil- 
liams Lake. Present regulations require that cattle 
and hogs be removed every 36 hours for watering and 
feeding and therefore the utmost is done to get the 
animals to the packing house in less than the 36 hour 


period. Ray also discussed newer techniques used 
throughout meat plants and the various problems of 
the industry which include the long 15-20 day holding 
time necessary with pork products. 


Mr. Bill Smith, senior supervisor and chemist at 
Canada Packers Ltd. Vancouver plant, told us of the 
complexities of the meat packing industry. He pointed 
out how the basic products obtained from cattle now 
include such end products as gelatin, neatsfoot oil, 
pharmaceuticals ete. In their diversification from 
meat packing they are now in the canning, feed, 
tanning and frozen food industry. In the research 
and laboratory work they divide into groups working 
on new, faster determinations, oil and shortening 
work, meats, bacteriological, biochemical and develop- 
ment. All this leads to cheaper, safer and tastier meat 
products. 


—C. E. Bullen 
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PERSONNEL 


Lloyd A. Hall has been named to the Truesdail 
Laboratories’ research advisory board, it was an- 
nounced by Dr. Roger W. Truesdail, president of the 
well-known west coast independent research firm. 
Well known for his work on meat curing products, 
seasonings, emulsions, bakery products, antioxidants, 
protein hydrolysates and for unusual processes for 
sterilization of spices, cereals and other products, Dr. 
Hall will be called into consultation on unusual food 
or drug research projects requiring highly specialized 
knowledge. A graduate of Northwestern University, 
Dr. Hall is holder of three honorary degrees, author 
of some 40 professional papers, and patentee or ¢o- 
patentee of more than 100 patents. Recently Dr. 
Hall moved to Pasadena, California, from Chicago, 
where he has been technical director of the Griffith 
Laboratories. 


FUTURE MEETINGS FOR FOOD 


TECHNOLOGISTS 
1959-1960 

January 17-20 Canners Convention and Show, Americana 
Hotel, Bal Harbour, Florida 
National Canners Association 53rd Annual 
Convention, Miami Beach, Florida 
February 11-13 National Food Conference, Palmer House, Chi- 

eago, Illinois 
February 12-14 Fact Finding Conference, Institute of Ameri 

ean Poultry Industries, Kansas City, Missouri 
February 23-24 Eighth Annual National Dairy Engineering 
Conference, Kellogg Center, Michigan State 
University, East Lansing, Michigan 
Second Better Foods for Better Nutrition 
Conference, Center for Continuing Education, 
University of Georgia, Athens, Georgia 
Eighth Annual Food Technology Short Course, 
‘*Impaet of Convenience Foods,’’ Memorial 
Student Union, University of Missouri. Spon- 
sored jointly by the St. Louis and Kansas 
City Sections of IFT with the College of Agri- 
culture, Columbia, Missouri 


January 18-20 


Mareh 3-4 


March 11-12 


April 19-21 Research and Development Associates 14th 
Annual Meeting, Congress Hotel, Chicago, 
Illinois 

1960 


May 15-19 Twentieth Annual Meeting of the Institute 
of Food Technologists, Fairmont Hotel and 
Masonic Temple, San Francisco, California 
IFT Pacific Rim Conference, Princess Kaiu- 


May 19 to 
lani Hotel, Honolulu, Hawaii 


May 25 or 29 


1961 
May 7-11 Twenty-first Annual Meeting of the Institute 
of Food Technologists, Hotel Statler, New 


York, New York 
1962 
June 10-14 Twenty-second Annual Meeting of the Institute 
of Food Technologists, Fontainebleau Hotel, 
Eden Roc Hotel, Miami Beach, Florida 
1963 
May 19-23 Twenty-third Annual Meeting of the Institute 
of Food Technologists, Pantlind Hotel, Civic 
Auditorium, Grand Rapids, Michigan 


An open invitation is extended to readers of FOOD TECHNOLOGY 
to send in to the Editorial Office, 11606 South Bell Avenue, Chicago 43, 
Illinois notices of annual or national meetings of interest to food 
technologists. 
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FIRMENICH INCORPORATED 


New and improved techniques of process drying, exclusively 


NEW LIFT LONGER LIFE employed by Firmenich, yield powdered flavors that flow 


freely, are dust free, and give you the finest pgecision in 


FOR YOUR PRODUCTS flavoring your products. These important developments in 
quality flavoring will improve the taste appeal of your 
WITH FIRMENICH products . . . extend their shelf life . . . give them package-to- 200 eT, MEW YORE 
package uniformity that captures customer preference. Sam- 


POWDERED FLAVORS 


A PRICE. G12 NORTH MICHIGAN AVENUE 


ples of Firmenich Powdered Flavors, with technical informa- 


© MALOOLM AVENUE 


tion on their practical application, on request. 
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Literature 


BOOKS 


CoLORIMETRIC METHODS OF 
ANALYsIS INCLUDING PHOTOMETRIC 
Meriops. Volume ILA. Foster Dee 
Snell, Cornelia T. Snell and Ches- 
ter, D. Van Nostrand Company, 
Inc., Princeton, New Jersey, 1959, 
793 pages, 32 illust., $15.00. 

This new addition to the various 
eglitions of COLORIMETRIC 
METHODS OF ANALYSIS first 
authored by Dr. Foster Dee Snell 
in 1921, constitutes a supplement 
to Volume II of the third edition, 
which dealt with the 
Methods, Colorimetric and Photo- 
metric. The present volume covers 


[Inorganic 


new colorimetric and flame photo- 
metrie methods for inorganic analy- 
sis which appeared from the date 
of publication of the third edition’s 
Volume II to January 1956. 

The book comprises 68 chapters, 
each one devoted to the determina- 
tion of one or more metallic or 
elements, anions or 
Methods for carbon, 


non-metallic 
compounds, 
carbon monoxide, dioxide, carbon- 
ates, cyanide, cyanate and alpha- 
hydroxy-nitriles are included, 
Each chapter is prefaced by a 
highlighting the 


short) summary 


analytical developments detailed in 
it. 

Among the methods cited in the 
book, are many of value to the food 


scientist. Numereus chapters in- 
clude procedures for carrying out 
determinations on tissues, food- 
stuffs, biological materials and/or 
other samples of organic origin. 
The wealth of methodology in- 
cluded, the clearness, conciseness, 
yet completeness of presentation, 
the selective usage of tables and 
line drawings where needed, and 
the careful annotation of the meth- 
ods to journal references render 
this volume indispensable to any 


up-to-date food science library. 


G. E. Livinasron 


New York, N. Y. 
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LITERATURE ON 
FOOD RESEARCH 
AND TECHNOLOGY* 


Commodities 


Potato flakes; a new form of dehydrated 
mashed potatoes, LV. Effeets of cool 
ing after precooking. J. Cording, 
J. F. Sullivan, and R. K. Eskew. 
Washington, 1959. 26 p. (U.S.D.A. 
Agricultural Research Service. ARS 
73-25.) apply. 

Principles of sugar technology. vy. 2. Crys- 
tallization., Pieter Honig. Princeton, 
N. J., Van Nostrand, 1959. 585 p. 
$19.00, An Elsevier Press produe- 
tion. 


Teknolo- 
giia efiromaslichnogo proizvodstva. 
N. P. Skol’nikov and A. P. Kondrat- 
skii. Moseow, Pishchepromizdat, 
1958. 201 p. 


| Production of essential oils.) 


United States standards for grades of 


canned grapefruit. Washington, 
U.S.D.A. Agricultural 


service, 1959. 6 p. Apply. Standards 


marketing 


effective November 6, 1959, super- 
seding those of January 19, 1954. 
First published in the Federal Regis- 
ter November 6, 1959. 


Food Technology 


l’reparation of food. Prigotoviesoie 
] 
pishehi. P. D. Griskin. 


Lenizdat, 1959. 450 p. 


Leningrad, 


| Refrigerating machines and installa- 


tions.| Kholodil’nye machimy i so- 
oruzheniia. N. V. Dem’iarnkov and 
V. A. Abramoy. 


Transp. Zhel-dor. izdvo, 1959. 434 p. 


Moseow, Gos. 


Technology of food preservation. Nor- 
mun W, Desrosier. Westport, Conn., 
Avi Publ. Co., 1959. 432 p. $8.50. 


Some aspects of food technology in India. 
ed. H. A. B. Parpia, R. C. Bhutiani, 
K. L. Radhakrishnan, A. N. San- 
karan, and B. V. Subbarayappa. 
Central Food Technological Research 


lustitute, Mysore, India. 


Nutrition 


An experimental inquiry into the prinei- 
ples of nutrition and the digestive 
process, John R. Young. Urbana, 

University of Illinois Press, 1959. 
74 p. (Faesimile reprints in the his- 
tory of science, no. 1.) $2.50. Fae- 


* Material for this list should he sent to Dr. 
James G. Hodgson, Chief, Library Branch, 
Qluartermaster Food and Container Institute 
for the Armed Forces, 1819 W. Pershing Road, 
Chicago 9, Illinois. 


simile of a thesis presented to the 
Medical Faculty of the University of 
Pennsylvania on June 8, 1803, and 
overlooked for nearly 100 years be 
fore its importance was recognized. 


Food guide for older folks. U. 8S. Insti- 
tute of Home Economies. Washing- 
ton, 1959. 16 p. (U.S. D. A.: Home 
and garden bulletin 17, rev.) apply. 


Icing handbook of nutrition; a compre- 
hensive treatise on nutrition in 
health and disease. New York, Me- 
Graw-Hill, Blakiston Division, 1959. 
An H. J. 
detailed explanation of the body’s 
use of food. 


Heinz’ publication with a 


Principles of nutrition. E. D. Wilson, 
KX. H. Fisher, M. E, Fuqua. Wiley, 
1959. 483 pp. $5.95. 


Biological and Chemical Aspects 


-lnnual review of microbiology, v. 13. 
Charles E. Clifton and others, eds. 
Palo Alto, Cal, Annual 
1959. 560 p. $7.00, 


Reviews, 


Biochemistry of blood in health and dis 
ease, I, Newton Kugelmass. Spring 
field, Ill., Charles C. Thomas, 1959. 
554 p. (American lectures in living 
chemistry, no. 348.) $15.75. 


Physico-chemical properties of proteins 
with special reference to wheat pro 
teins; comprising papers read at a 
Symposium organized by the Food 
Group held at 14 Belgrave Sq., Lon 
don, 27 Mareh 1957. New York, 
Maemillan, 1959. 95 p. (Society of 
Chemical Industry. 
6.) $2.00. A total of seven papers. 


Monograph no. 


Principles of dairy chemistry. Robert 
Jenness and Stuart Patton. New 
York, John Wiley, 1959. 454 p. 
$8.75. Authors are at the University 
of Minnesota and Pennsylvania State 
University. 


Miscellaneous 


The canning industry. Nelson A. Budd. 
Cambridge, Mass., Bellman Pub. Co., 
1959. 36 p. (Voeational and profes 
sional monographs, no. 99.) pap. 
$1.00. Another of the vocational 
guides which deal with various pro 
fessions in the food industry. 


Mechanically processing wholesale frozen 
food orders, T. H. Allegri and R. R. 
Bogardus. Washington, 1959. 20 p. 
(U.S.D.A. Agricultural Marketing 
Service. AMS-317.) pap. apply. 


Special rations for the armed forces, 
1946-53, Franz A. Koehler. Wash 
ington, Historical Branch, Office of 
the Quartermaster General, 1959. 377 
p. (QMC Historical Studies, Series 
IT, no. 6.) 
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ABSTRACTS 


General Foods Research Center 
Selected by H. A. Campbell 


ANALYTICAL METHODS 


Paper chromatography of the saturated 
fatty acids. 


BucHANAN, M. A. (Inst. of Paper 
Chem., Appleton, Wise.). Anal. Chem. 31, 
1616-18 (1959). 


In a new procedure for the paper chro- 
matography of the satd. fatty acids, the 
developer reacts with the unsatd. acids to 
form products which readily sep. from 
the satd. acids. Hydrogen peroxide and 
formie acid are added to the usual acetic 
acid-water developers used for reverse- 
phase chromatography of the fatty acids. 
The new procedure permits the sepn. of 
small amts. of satd. acids from large 
amts. of the unsatd. acids, and is suitable 
for tentative identification of the even- 
numbered straight-chain acids from laurie 
acid to lignocerie acid. 


Detection of trace constituents by gas 
chromatography. 


Farrineton, P. Pecsox, R. L., 
ET AL. (Univ. of California, Los An- 
geles). Anal. Chem. 31, 1512-16 (1959). 


Apparatus and techniques are described 
which are applicable to the detailed 
analysis of polluted atmospheres, inelud- 
ing the detection and detn. of com 
ponents present in the range of a few 
p.p.m. Important features are the sam 
ple handling technique and the ion gage 
detector. 


BIOLOGICAL SCIENCES 
Biochemisty 


Determination of free lysine e-amino 
groups in cottonseed meals and pre- 
liminary studies on relation to protein 
quality. 


Bauiea, B. P.; M. E. anp Ly 
MAN, C. M. (Texas Agr. Expt. Sta., Col 
lege Station). Arch Biochem. Biophys. 
84, 1-6 (1959). 


A procedure is described for the detn. 
of free lysine e-amino groups in cotton- 
seed meal. In preliminary tests, a rela- 
tionship was found between the content 
of lysine with free e-amino groups and 
protein quality as detd. in rat protein re 
pletion tests. 


Chemical specificity in biological systems. 


KAUZMANN, W. (Princeton Univ., 
N. J.). Revs. Modern Physics 11, 549-56 
(1959). 


Some typical examples of biological 
specificity involving more or less well- 
defined chemical systems as one of the 
specific interacting agents are considered 
in this paper, e.g. antibody-antigen inter- 
aetions; enzyme-substrate interactions 


and the binding of small molecules to 
proteins, 


Mechanisms of enzyme inhibition by phos- 
phate esters. 


BERNHARD, S. A. AND OrGEL, L. E. 
Science 130, 625-6 (1959). 


A theory for the rapid specific reaction 
of certain phosphorus-contg. esters with 
many proteolytic enzymes based on the 
ability of phosphorus to form one addnl. 
bond relative to carbon is presented. A 
pentagonal enzyme-carbonyl substrate 
complex is assumed to be the transition 
state in the enzyme-catalyzed reaction. 


Essential groups of porcine pancreatic 
amylase and of taka amylase. Acety- 
lation with acetic anhydride, 


RapicHievicu, I., Becker, M. M., 
ET AL. J. Am. Chem. Soc. 81, 2845-51 
(1959). 


The results of this investigation show 
that porcine pancreatic amylase and taka 
amylase both require free primary amino 
groups for their catalytic action. More- 
over, in both cases, the a-amino groups of 
the protein appear to be of more im- 
portance in this respect. Thus, these 2 
a-amylases resemble each other and differ 
from f-amylase in the active groupings 
needed for their biological action. 


Theory of the phase transition between 
helix and random coil in polypeptide 
chains. 


ZimM, B. H. anp Braaa, J. K. (Gen 
eral Electrie Co., Schenectady). J. Chem. 
Phys. 31, 526-35 (1959). 


The transition between the helical and 
randomly coiled forms of a polypeptide 
chain is discussed by reference to a sim 
ple model that allows bonding only be- 
tween each group and the third pre- 
ceding. Two principal parameters are in 
troduced, a statistical parameter that is 
essentially an equilibrium const. for the 
bonding of segments to a portion of the 
chain that is already in helical form, and 
a special correction factor for the initi 
ation of a helix. Depending on the values 
of the bonding parameter and the chain 
length, one of the following configura 
tions dominates: random coils, single 
helices with oceasional disorder at the 
ends, and for longer chains, helices ocea 
sionally broken by random sections. 


Preliminary studies on the degradation 
products of quercetin in the rat’s 
gastrointestinal tract. 


KaALLIANOS, A. G., Perraxis, P. L., 
ET AL. (Univ. of Okahoma, Norman). 
Arch. Biochem. Biophys. 81, 430-3 
(1959). 


Radioactive phloroglucinol carboxylic 
acid, phloroglucinol and protoeatechuic 


(methy! and propy! esters 


of p-hydroxybenzoic acid) 


Accepted as safe- 
under Food Additives Amendment 


Effective in acid, neutral and alkaline 
pH ranges 


More active against molds, yeast and 
bacteria 


In addition to inhibitory action—can 
be bactericidal and fungicidal 


Soluble in aqueous and organic media 
Calcium or sodium salts available 
experimentally for increased water 


solubility 


Completely stable in storage 


Chemocides MK 
and PK, and their 
sodium and caici- 
um salts, are im- 
mediately avail- 
able. For addi- 
tional data and 
samples write our 
Technical Service 
Department 


CHEMO 


MANUFACTURING CORPORATION 


150 DOREMUS AVENUE, NEWARK 5, WN, J, 
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acid were identified by paper chromato- 
graphic studies of exts. of lyophilized rat 
stomach and its contents following feed 
ing of quereetin-C". A fourth radioac 
tive compd. still unidentified plus a 
radioactive ‘‘ quereetin-like’’ eompd, were 
also noted. 


Unique luminescence of dry chlorophylls. 


(Univ. of Houston, 
Phys. 381, 467-72 


Becker, R. 8. 
Texas). J. Chem. 
(1959). 


Dry chlorophylls a and b in a rigid 
glass hydrocarbon solvent have intense 
emission at 7550 A and 7330 A, resp. In 
each case, the room temp. absorption 
spectra show the presence of a band 
shoulder on the long wavelength side of 
the main red band. Both the emission 
and the absorption bands disappear in 
the presence of hydroxylie solvents. Cu 
chlorophyll b has an intense phosphores- 
cence at 8740 A with a lifetime ef less 
than 10° second. 


Effects of thyroid and adrenal cortical hor- 
mones on restoration of liver protein 
and enzyme activity after partial 
hepatectomy in rats. 


Tipton, 8. R., 
Smoruers, J. L. 
Knoxville). Am. J. 
(1959). 


MaJors, C. W. AND 
(Univ. of Tennessee, 
Physiol. 197, 71-4 


Propyithiouraci! depressed thy- 
roxine elevated the succinoxidase activity 
of rat liver after 4 days of regeneration. 
Protein-depleted animals had a_ signifi- 
eant decrease in activity of sueeinie de- 
hydrogenase and eytochrome oxidase, rate 
of restoration of liver mass, enzyme ae- 
tivity and new protein. Thyroxine in-+ 
creased the rate of regeneration and the 
enzyme activity even in protein-depleted 
animals. These hormones ¢an procace 
changes in specifie enzyme proteins that 
are independent of changes in total cell 
protein. 


Microbiology 
Survival of Clostridium tetani. 


Murray, T. J. (Rutgers Univ., New 
Brunswick, N. J.). J. Bacteriol. 78, 
293-4 (1959). 


Thirty-four strains of C. tetani in 
brain heart ugar in test tubes, sealed in 
1930, were viable and gave typieal 
growth and spore formation in February 
1959. 


Acquisition of lactose-fermenting proper- 
ties by salmonellae. I. Interrelation- 
ship between fermentation of cello- 
biose and lactose. 


ScuHaFier, 8. anv Mintzer, L. (Dr. I. 
Cantaeuzino Inst., Bucharest, Romania). 
J. Bacteriol. 78, 159-63 (1959). 
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A close relationship exists between the 
fermentation of lactose and ceilobiose by 
salmonellae. Lactose-pos. variants acquire 
the property of fermenting cellobiose. 
Fermentation of lactose may be obtained 
more readily following previous inocula- 
tion in cellobiose. Lactose-pos. variants 
can be obtained by this method in 55 of 
the 56 salmonella strains studied. The 
cellobiose-pos. population varies with the 
formation of lactose-pos. salmonellae. 


Bacterial species of the rumen. 


Bryant, M. P. (U. 8S. Dept. of Agr., 
Beltsville, Md.). Bacteriol. Revs. 23, 
125-53 (1959). 


This review is limited to pure culture 
studies with emphasis on the species of 
bacteria cultured. 132 references. 


Psychrophilic bacteria. 


INGRAHAM, J. L. AND Srokes, J. L. 
(Univ. of California, Davis). Bacteriol. 
Revs, 23, 97-108 (1959). 


Psychrophiles have been defined as bae- 
teria which grow appreciably and often 
abundantly at 0° C. for 2 weeks. These 
bacteria are ubiquitous, can be isolated, 
sometimes in large numbers, from soil, 
air, fresh and salt water, common foods, 
and other habitats, and are important 
spoilage organisms in meats, poultry, fish 
and dairy products stored at 0° C. 64 
references, 


The most poisonous poison. 


LAMANNA, C, 763-72 


(1959). 


Science 130, 


An outline of some of the current 
knowledge of the nature of the botulinal 
toxin with questions of interest to be 
answered. 


Metabolic injury to bacteria at low tem- 
peratures, 


Straka, R. P. anp Stokes, J. 
(Western Regional Research Lab., 
bany, Calif.). J. Bacteriol. 78, 181-5 
(1959). 


Metabolic injury to bacteria at sub- 
zero temps. has been demonstrated with 
several species of the genus Pseudomonas 
and with Escherichia coli. Cold injury is 
manifested by an increase in nutritional 
requirements. The injured cells ean no 
longer grow on a simple, glucose-salts 
agar medium but can develop on a rich, 
complex medium tryptiease soy agar. 
Injured cells may constitute as much as 
40% of the bacterial population. 


Nutrition 


The utilization of marine algae in tropical 
south and east Asia. 


ZANEVELD, J. S. (Caribbean Marine 


Biol. Inst., Curacao, Netherlands An 
tilles). Econ. Bot. 13, 89-131 (1959). 


The algae have come to be regarded as 
very important in the future economy of 
a crowded world. The literature on the 
economie application of about 75 species 
and varieties of algae is reviewed. The 
material is arranged alphabetically for 
the benefit of non-botanists. 160 refer- 
ences. 


Nutrition and disease: Folic acid de- 
ficiency in the mouse. 


Griaes, G. M. (U. 8. Dept. of Health, 
Edue. and Welfare, Bethesda, Md.). Am. 
J. Clin. Nutrition 7, 390-6 (1959). 


An uneomplicated deficiency of folic 
acid was procuced in young mice by feed- 
ing them a synthetie diet low in folic 
acid contg. 20% casein, 8% gelatin and 
0.8% methionine. Further preliminary 
studies indicated that the folie acid de- 
ficiency might also be preduced if 1.7% 
glycine were substituted for the gelatin. 
Evidence was obtained that the folie acid 
deficiency delayed the time of death when 
the mice were subjected to infections by 
the virus or lymphocytic choriomenin 
gitis and certain transplantable lympho- 
eytie neoplasms. 


The uses of recommended dietary allow- 
ances in military nutrition. 


FRIEDEMANN, T. E., Kraysiii, H. F. 
AND ConsoLazio, C. F. Am. J. Public 
Health 49, 1006-12 (1959). 


The feeding of U. 8. Army personne! is 
planned in accordance with minimal die- 
tary standards which are based upon the 
recommended dietary allowances of the 
Natl. Research Council, as modified by 
the special requirements of troops under 
various operational conditions. Standard 
minimum intake of the phys. 
soldier in a temperate climate is: 3,600 
calories, 100 g. protein, 700 mg. calcium, 
5,000 I.U. vitamin A, 75 mg. vitamin C, 
1.7 mg. thiamine, 2.0 riboflavin, and 16 
mg. niacin. 


active 


The 1958 revision of recommended dietary 
allowances. 


SHANK, R. E. Am. J. Public Health 
49, 1001-5 (1959). 


A description of changes that have 
been made in the fourth edition of 
Recommended Dietary Allowances. The 
author presents the nature of the changes 
and diseusses their implications. 


Biological availability of amino acids in 
fish meals and other protein sources. 


OusterHOUT, L. E., Grau, C. R. 
LuNDHOLM, B. D. (Univ. of California, 
Davis). J. Nutrition 69, 65-73 (1959). 


A new chick assay method is proposed 
for the estn. of essential amino acids 
available to the animal from various pro- 
tein sources. The material to be tested 
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is fed as a supplement to a diet replete 
with eryst. forms of all essential amino 
acids except the one being studied; thus 
the source supplies this one as well as 
non-essential amino acid needs. The 
growth response to this diet, compared 
with that for the same diet plus the 
missing amino acid, allews estn. of the 
amino acids furnished by the protein 
source. Results of tests with 19 protein 
sourees are given for a number of amino 
acids, with special emphasis on fish meals 
of variable and known histories. 


Diets of post-adolescent young women. 


Fry, P. C. (Forsyth Dental Infirmary 
for Children, Boston, Mass.). J. Am. 
Med. Assoc. 35, 687-91 (1959). 


An evaluation was made of the mean 
daily intakes of 12 nutrients for a group 
of 144 young women, aged 18 to 25 years. 
Only 35% had ealorie and thiamine in- 
takes of 90% or more of the Recom- 
mended Dietary Allowances, while the 
protein intake of 44% of the subjects 
was below this level. It was found that 
84% of the Ca intakes, 83% of the Fe 
intakes, 25% of the vitamin A intakes, 
31% of the aseorbie acid intakes, 58% 
of the riboflavin intakes, and 34% of the 
niacin intakes were below this level. 


Relationship between plasma amino acids 
and composition of the ingested pro- 
tein. 


LONGENECKER, J. B. anp Hause, N. L. 
(E. I. du Pont de Nemours and Co., Wil- 
mington, Del.). Arch. Biochem. Biophys. 
84, 46-59 (1959). 

Plasma amino acid changes of the adult 
dog after a meal have been found to be 
directly dependent upon the amino acid 
compn. of the protein ingested if it is 
postulated that the individual essential 
amino acids are removed from the blood 
by the body tissues at rates proportional 
to the amino acid requirements of the 
dog. A Plasma Amino Acid Ratio pro- 
cedure is presented which permits the 
evaluation of the amino acid adequacy in 
a food protein for the nourishment of the 
animal species to which it is fed. 


Quantitative nutritional studies with water- 
soluble chemically defined diets. VIII. 
The forced feeding of diets each lack- 
ing in one essential amino acid. 


Suaimura, T., 8. M., ET AL. 
(Natl. Insts. of Health, Bethesda, Md.). 
Arch. Biochem. Biophys. 81, 448-54 
(1959). 


Diets free of histidine, tryptophan, ly- 
sine, phenylalanine, and threonine causea 
the animals to lose between 0.2 and 1.0 
g./day over an 11-day period. Diets free 
of methionine, leucine, and isoleucine 
caused the animals to lose, 1-2 g./day. 
Most of the animals on these diets sur- 
vived, and all the survivors gained when 
force-fed the complete diet. All the ani- 
mals on the valine-free diet rapidly 
sickened and failed to survive beyond 9 
days. 
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The effects of several milk components and 
similar compounds on the utilization 
of carotene by the rat. 


Raica, N., Vavicu, M. G. ann KeEm- 
MERER, A. R. (Univ. of Arizona, Tucson). 
Arch, Biochem. Biophys. 83, 376-80 
(1959). 


When 3.5% casein or 5% lactose, frue- 
tose, or galactose was added to carotene- 
water emulsion, no significant effect on 
carotene utilization was noted in rats fed 
60 pg. carotene daily. When 3.5% gela- 
tin or 0.5% lactalbumin or 5% glucose 
or raffinose was added, carotene utiliza- 
tion was significantly decreased. 


Algae as a source of human food, 


ANON. Nutrition Revs. 17, 238-40 
(1959). 


Studies have been conducted on the 
possibility of algae as a source of hu- 
man food. It is concluded that algae do 
have nutritive valne which could be 
applied to human nutrition. Objections 
noted are the cost of production and 
processing, the relative deficiency of cer- 
tain vital nutrients such as methionine, 
the incomplete digestibility and poor ac- 


ceptability due to odor, flavor, and color. 


Meet FDA standards with low-cost infrared...the Beckman 
IR-5 Spectrophotometer best determines extractable organics of pack- 
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button simplicity. 4 Spectrum presentation is always in full view. 
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A complete line of sampling accessories provides the flexibility to 
handle liquids, gases, and solids. For complete details, bibliography and 
application information, write for Data File 84-1-02. 
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INDUSTRY NEWS 


A truck trailer, loaded October 1, 
1959, with perishable foodstuffs and 
carried piggy-back on a Southern 
Pacific Railroad car from the 
Libby, MeNeill & Libby quick- 
freezing plant in Sunnyvale, Cali- 
fornia, was unloaded in Chieago on 
the morning of October 7. The note- 
worthy features about this ship- 
ment are that conventional freeze 
methods were not applied to this 
food at Sunnyvale and also that no 
artificial refrigerants were neces- 
sary or added to the 40 foot 
trailer’s perishable cargo while it 
was enroute for six full days as has 
had to be the case heretofore in the 
shipment of foods under ordinary 
refrigeration. This shipment was 
loaded into the trailer at 0° Fahr- 
enheit at Sunnyvale. Thereafter 
liquid nitrogen, by a process known 
as LIQUEFREEZE, was pumped 
into the trailer body. The liquid 
nitrogen penetrated the food ear- 
tons and brought the temperatures 
of the food products down to many 
degrees below 0° Fahrenheit. <A 
similar trailer owned by Aeme 
Fast Freight, Inc., loaded in Cali- 
fornia with a larger assortment of 
Libby foods treated by the LIQUE- 
FREEZE Process arrived at the 
Midwest Grocery plant here in Chi- 
cago after seven days in transit 
piggy-back by rail, exposed en- 
route to varying climatie condi- 
tions. When the trailer was opened, 
the food was found to average 
—35° Fahrenheit. Included in this 
shipment were such highly perish- 
able items as strawberries and rasp- 
berries and a number of vegetables. 

Both trailer bodies involved in 
shipments were especially 
fitted out by the Haskelite Corpora- 
tion of Grand Rapids, Michigan, 
with insulation patented by the 
the LIQUEF?PEEZE Corporation, 
New York, subsidiary of Is- 
brandtsen Company, Ine., for utili- 
zation of the LIQUEFREEZE 
Process of freezing foodstuffs. This 
specialized insulation consists of a 
non-water absorbing material called 
polystyrene sandwiched between 
inch plywood panels which in turn 
are spring-loaded into the trailer 
bodies to allow for thermo move- 
ment. The use of the LIQUE- 
FREEZE Process in freezing foods 
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for transport whether by truck, 
rail, sea or air has many marked 
advantages. Among these is the fact 
that no mechanical equipment is 
used or needed. 


Expansion News 


Foreign Importer Plans Expan- 
sion. A tea and vanilla importer in 
Western Germany plans to expand 
its product line to include Ameri- 
can-manufactured food products. 
The organization is said to have 
been very familiar with the food 
provision and ice cream industries 
since before the turn of the cen- 
tury, and have an established and 
effective sales organization through- 
out Western Germany. In addition, 
they claim to be well placed to in- 
troduce new products in the food 
field, and are especially interested 
in ingredients for sale to food 
processors. For further informa- 
tion write the Executive Secretary, 
Institute of Food Technologists, 
176 W. Adams, Chicago 3, Il. 


Two long-time supporters of 
Foop TECHNOLOGY and experts in 
the food advertising field, Edward 
G. Chase and C, Ralph Bennett are 
now operating a new advertising 
agency at 241 East 58 Street, New 
York, N. Y. Called Bennett & 
Chase & Company, Inc., the new 
agency will handle the Vitamin 
Division and Aromatic Division of 
Hoffmann-La Roche, Ine., as well 
as Hoffmann-La Roche Ltd., Can- 
ada. In making this move, both 
men resigned from Fred Gardner 
Company, Ine., where Mr. Bennett 
was a founder, director, executive 
vice-president, and creative di- 
rector, and Mr. Chase was vice- 
president and account executive for 
the agency’s major accounts. 


INDUSTRY 
PUBLICATIONS 


Proctor & Schwartz, Ine. re- 
cently issued a new bulletin de- 
scribing their drying equipment, 
dehydrators, and freezing equip- 
ment. Further information may be 
obtained by writing Proetor & 


Sehwartz, Inc., at Seventh Street 
and Tabor Road, Philadelphia 20, 
Penna., and requesting Bulletin 


No. 447. 


Carpenter Steel Company’s “‘su- 
per corrosion resistant’’ alloys are 
described in their new bulletin, 
which contains tables showing com- 
parative resistance of Hastelloy 
Alloys B and © to such corrosive 
media as hydrochloric, phosphoric 
and sulphurie acids. Workability, 
chemical analysis, and physical and 
mechanical properties of the two 
alloys are also described in the bul- 
letin, which can be obtained from 
The Carpenter Steel Company, Al- 
loy Tube Division, Union, N. J. 


Early in November, Magnus, 
Mabee & Reynard, Ine., released 
their new and completely revised 
36 page catalog containing well 
over 1000 entries on essential oils, 
concentrated flavors, perfume oils, 
aromatic chemicals, oleorsins, and 
balsams. Six pages are devoted to 
Magna Concentrols for food prod- 
ucts, and according to company ob- 
jectives, the catalog is hoped to be 
the best publication of its kind in 
the field. For a copy, write Mag- 
nus, Mabee & Reynard, Ine., 16 
Desbrosses Street, New York 13, 


PERSONNEL 


Dr. William Allen Hamor, |}'T 
member and Senior Director of Re- 
search, Mellon Institute, retired 
December 31, after more than a 
half-century of distinguished serv- 
ice to science. Long acknowledged 
to be one of the nation’s leading re- 
search authors and editors, Dr. 
Hamor has been called ‘‘the 
greatest living American authority 
on the literature of chemistry.’’ He 
is the author or co-author of nearly 
two hundred articles and publica- 
tions, including five books. For his 
contributions to research manage- 
ment and the application of human 
relations to research, Dr. Hamor 
has received the following honor- 
ary degrees: D.Se., University of 
Pittsburgh, 1935 ; Se.D. Grove City 
(Pa.) College, 1932; Se.D., Univer- 
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sity of Louisville, 1947, and LL.D., 
University of Miami (Fla.), 1947. 
In addition to IFT’ membership, 
Dr. Hamor belongs to twenty-three 
other organizations. 


International Flavors & Frag- 
rances Ine. announced today a 
further expansion of its Flavor 
Division here, 
and at the same 
time it was dis- 
closed that Hen- 
ri van Mameren 
had been named 
General Man- 
ager, and Dr. 
James H. Mc- 
Glumphy Tech- 
nieal Director in 
J. H. McGlumphy charge of re- 

search, manu- 
facturing, and product control. 
Prior to Mr. van Mameren’s ap- 
pointment, he served as Managing 
Director of the company’s Paris 
subsidiary, as Assistant to the 
President in Holland, and as Gen- 
eral Manager of a subsidiary in 
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Brussels, Belgium. Dr. MeGlum- 
phy has been associated with the 
company for more than 25 years 
and is widely known throughout 
the industry, having served on 
many committees and as an advisor 
to the U. 8S. Government and the 
armed forces. 


Dr. Edward A. Nebesky has 
joined the staff of the Food Science 
Department at Rutgers University 
as professor of 
food science. He 
previously 
taught at Cor- 
nell and the 
University of 
Massachusetts. 
Because of Dr. 
Nebesky’s exten- 
sive background 
in packaging he 
is ideally suited 
to head up much 


of the work we are planning in the 
field of packaging,’’ says Dr. Roy 
E. Morse, chairman of the Depart- 
ment of Food Science at Rutgers. 


for better product 

consistency and 
quality 

Always Depend On 


@ Adaptable to wide range of PH 
levels. 

@ Neutral color and flavor—blends 
naturally with more different fruits 
than any other pectin. 

@ Gives product resiliency to avoid 
breakage during shipping. 

@ Improves spreadability of jams, 
jellies and preserves. 

@ Standardized to uniform strength 
so that product always has the 
same consistency. 


Write, wire or phone for full 
information, technica! advice, or 
location of nearest v arehouse. 


SPEAS COMPANY 
DEPT. 
GENERAL OFFICES * KANSAS CITY 20, MO. 


Dr. Nebesky has had experience in 
packaging as product manager in 
The Cryovae Company of Cam- 
bridge, Mass. 


IN MEMORIAM 


Walter Joseph Murphy, Edi- 
torial Director of the American 
Chemical Society’s Applied Jour- 
nals, died on November 26, 1959, in 
Washington, D. C. Dr. Murphy 
was an able, resourceful person 
who contributed in major degree to 
the growth and influence of the 
ACS publications, particularly 
those devoted to industrial prob- 
lems in the chemical field. From 
1921, when he was graduated with 
a bachelor of science degree in 
chemistry from the Polytechnic In- 
stitute of Brooklyn, on to his death 
last November, his interests were 
centered on chemistry. He served 
the profession he had elected to en- 
ter in innumerable ways—as editor, 
organizer and manager of the ACS 
News Service, representative on 
foreign scientific missions, and as 
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USE THESE NEW 
SMOKED YEASTS 
FROM VICO.... 


Give a sweet, natural hickory 
smoke flavor to canned, baked, 
frozen foods—-perfect as a 
masking flavor for pet foods, 
pharmaceuticals, other special- 
ties. 


Both Hiekory Smoked Brewers’ 
Yeast and Hickory Smoked Torula 
Yeast have been added to our line 
of KATER brand hickory smoked 
products. Both the Brewers’ Yeast 
and the Torula Yeast are naturally 
hickory smoked to a high flavor 
level, yet they cost less than ordi- 
nary smoked yeasts. 


High in protein, non-fermentable 
and highly palatable, they give a 
delicious, meaty smoked flavor to 
other foods. 


KATER Hickory Smoked Yeasts, 
dried at temperatures above pas- 
teurization, are acceptable under 
all regulations of the U.S. Food, 
Drug and Cosmetic Act, as amend- 
ed. Approved for certain applica- 
tions in federally inspected meat 
plants. 


Smoked-flavored food products are 
big business—get your share! If 
you process canned meats, soups, 
stews, sauces, baked goods, pre- 
pared mixes, dressings, frozen pre- 
cooked or prepared foods, pharma- 
ceutical, pet foods, or other special- 
ties, WRITE FOR FREE SAMPLE 
ON YOUR LETTERHEAD. 


PRODUCTS 
COMPANY 


Manufacturing chemists for the food and 
pharmaceutical industries 


415 W. Scott, Dept. FT, Chicogo 10, Ill, 
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an advisor to various Government 
scientific agencies, notably the 
AEC and the Chemical Corps. He 
was active in almost every phase of 
the ACS program and his influence 
was felt in councils on chemical 
education, in Government research 
and development, and, in industry 
—in fact, throughout the scientific 
community. His distinguished ¢a- 
reer has ended but all technical 
groups have benefited and will con- 
tinue to benefit by his dynamic ef- 
forts to increase the stature of pro- 
fessional workers not alone in 
chemistry but in all fields of science 
and technology. 


Dr. Howard D. Brown, for many 
years professor of horticultural 
products at Ohio State and na- 
tionally-known as an_ educator, 
author and scientist, died Septem- 
ber 29, 1959, at his home in Wor- 
thington, Ohio. Dr. Brown was 
born on a farm 
near Lexington, 
Ill., on Dee. 7, 
1891 and reared 
in that vicinity. 
He attended the 
University of 
Illinois and re- 
ceived his bache- 
lor of science de- 
gree in 1914 and 
the master of 
science in 1917. For a short time 
in 1921, he attended the Univer- 
sity of Wisconsin, and in 1926 went 
to Michigan State to earn his doce- 
tor of philosophy degree a year 
later. He began his professional 
career as an instructor at the Uni- 
versity of Illinois in 1914. In 1918 
he served in France as an officer in 
the U. 8S. Army Quartermaster 
Corps. In 1919 he joined the staff 
of Purdue University as an as- 
sociate professor of vegetable gar- 
dening. Dr. Brown transferred to 
Ohio State University in 1929 and 
remained at that institution until 
his retirement in 1957. After 1957 
he was Research Coordinator for 
the Potato Chip Institute. 

Dr. Brown developed and im- 
proved the Indiana Baltimore to- 
mato, which at one time was used 
on approximately two-thirds of the 
canning crop acreage of the United 


H. D. Brown 


States. He also developed the so- 
called ‘‘unit system’’ of soil sterili- 
zation to free soil from injurious 
insect and disease pests. His re- 
searches dealt with a wide variety 
of subjects, including: greenhouse 
fumigation and ventilation, vege- 
table pruning, potato apical domi- 
nance, strain and variety tests, irri- 
gation, processing vegetables and 
fruits, hydroponics, vegetable 
breeding and many others. 

For his outstanding accomplish- 
ments, he was the recipient of the 
second annual C. W. Kelsey award 
from the Vegetable Growers As- 
sociation of America. Dr. Brown 
was the author of more than 70 
scientific publications and co-au- 
thor of two books, Frozen Foods, 
Processing and Handling, 1946, and 
Vegetable Science, 1949. 

He was active in many national 
and local organizations, including: 
Vegetable Growers Association of 
America (secretary from 1933 to 
1954), National Association of Hot 
House Vegetable Growers (secre- 
tary-treasurer from 1940 to 1945) 
and the American Society for Hor- 
ticultural Science (vice president 
in 1938). Scientific organizations 
to which he belonged included the 
American Society for Advancement 
of Science, American Society for 
Horticultural Science, American 
Society of Plant Physiologists, the 
Institute of Food Technologists 
and the Ohio Academy of Science. 

He is survived by his widow, 
Elsie Stillwell Brown. 


John Edward Nicholas, 722 
Holmes Street, State College, Penn- 
sylvania died unexpectedly while 
vacationing at Sagamore Beach. 
Massachusetts, September 15, 1959. 
Mr. Nicholas 
professor emeri- 
tus of agricul- 
tural engineer- 
ing, retired July 
1, 1958, after 
serving on the 
Penn State fae- 
uity nearly 30 
years. 

Mr. Nicholas, 
attended Lehigh 
University where he received the 
degree of mechanical engineering in 
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1915. In 1926, he was awarded 
the master of science degree by 
Massachusetts Institute of Tech- 
nology. He served as a mechanical 
engineer with Bethlehem Steel Cor- 
poration from 1915 to 1921 and 
then served on the faculty of the 
University of Illinois, Rice Insti- 
tute, Massachusetts Institute of 
Technology, and University of 
Minnesota before his appointment 
at Penn State in 1929. His work 
at Penn State was concerned with 
the processing of food products and 
he published more than 100 papers 
on his work. He was widely known 
for his research in the freezing of 
food, and also on milk cooling. 

He was a fellow of the American 
Society of Refrigeration Engineer- 
ing and also the American Society 
of Agricultural Engineers. He was 
a member of the American Insti- 
tute of Electrical Engineers, Insti- 
tute of Food Technologists, Ameri- 
can Society for Engineering Edu- 
cation, Society of the Sigma Xi, 
and Gamma Sigma Delta, agricul- 
tural honor society. 

Born June 20, 1893, in Eckley, 
Pennsylvania, he was the son of 
Michael and Barbara Kasha Nicho- 
las. He was married in 1925 to 
Mildred W. Carpenter who sur- 
vives with three sons, Richard C. 
Nicholas, East Lansing, Michigan ; 
Dr. W. Channing Nicholas, Bis- 
mark, North Dakota; and Bruce O. 
Nicholas, Harrisburg, 
vania. 
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Ernest William (‘‘Bob’’) Hicks, 
officer-in-charge of the physics sec- 
tion in the Division of Food Preser- 
vation of the Australian Common- 
wealth Scientific and Industrial 
Research Organization, died in Syd- 
ney on Novem- 
ber 2nd after a 
short illness. He 
was 52 years of 
age. 

Hicks was a 
graduate of the 
Artsand Scienc? 
faculties of the 
University of 
Melbourne, with 
major interests 
in mathematics 
and physies. After a period of re- 
search work on the ripening and 
transport of bananas, he had two 
years of post-graduate research ex- 
perience at Cambridge (England). 
It was here that he developed the 
interest in the application of phy- 
ss and mathematics to the prob- 
lems of food science, which he was 


E. W. Hicks 


to use so successfully during the 
next 20 years. 

Hicks had a complete mastery of 
the mathematies of heat transfer 
and of diffusion, which he put to 
highly effective use in analyses of 
the simultaneous transfer of heat 
and moisture from foodstuffs dur- 
ing cooling and storage, in the pre- 
diction of the performances of re- 
frigerated rail and road vehicles 
and in analyses of the heat process- 
ing of canned foods. In the latter 
studies, published mainly in IFT 
Journals, Hicks introduced several 
have led to 
more precise estimates of bacteri- 
cidal effects and to a much better 
understanding of the factors influ- 


new concepts’ which 


encing sterilization. 
The C.S.1.R. O. Division of Food 
Preservation has lost a great leader 


whose influence extended far be- 


yond his own research team. 
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FOOD TECHNOLOGY, JANUARY, 1960 


COMPLETE SERVICE... 

for the FOOD INDUSTRY! 
Radioactive, Infrared Spectroscopy, Food 
Additive Studies, Bacteriology. Write 
for Price List. 
SCIENTIFIC ASSOCIATES 
3755 Forest Park Avenue 
St. Louis 8, JE. 1-5922 


AVAILABLE—FOOD TECHNOLO- 
GIST and RESEARCH CHEMIST. 
Doctor’s degree. 30 yrs. experience in 
Pharmaceutical and Food Production 
research. Desires connection in Phila- 
delphia area with food firm interested 
in product development and improve- 
ment. Wide experience in organizing 
research department or applying scicn- 
tific approach to food production prob- 
lems. REPLY BOX 740, Ins’itute of 
Food Technologists, 176 W. Adams St., 
Chicago 3, Ill. 


LABORATORY SERVICES 
for the FOOD, FEED, DRUG and 
CHEMICAL INDUSTRIES 
Analyses, Biological Evaluation, 
Toxicity Studies, Insecticide Testing 
and Screening, Flavor Evaluation. 


Project Research and Consultation 


Write for Price Schedule 
P.O. Box 2217, Madison | 


CHIEF CHEMIST 


Required to head up and manage 
Control Laboratory Operations across 
Canada. 

Established company, highest rating 
and reputation in Canada. 

Challenging position for capable, im- 
aginative chemist 35/45 age group 
with experience and background in 
food, cereals or baking products. 

Resumé and full details to BOX 741, 
Institute of Food Technologists, 176 
W. Adams St., Chicago 3, Ill. 

An interview will be arranged if 
background and potential from resumé 
meet requirements. 


YOUNG LEADING PICKLE 
MANUFACTURER 


In Ontario, Canada, seeks a Food 
Technologist to take charge of Quality 
Control and new products. Applicant 
must have experience in industry and 
willing to pitch in where necessary to 
contribute to the success of the com- 
pany. Send resumé with salary require- 
ments to BOX 744, Institute of Food 
Technologists, 176 W. Adams St., 
Chicago 3, Ill. 


AVAILABLE: FOOD TECHNOLO- 
GIST, M.S. 10 yrs. diversified exp. in 
research, development and technical 
service. Successful accomplishments in 
fields of food chemistry, product de- 
velopment, packaging and automation. 
Desire responsible position. REPLY 
BOX 750, Institute of Food Technolo- 
gists, 176 W. Adams St., Chicago 3, IIl. 


FOOD TECHNOLOGIST-CHEMIST 
(37): Available after February 15, 
1960 on return from Europe for posi- 
tion as consultant to Food Specialties 
and Meat Packing Companies. Will 
consider a permanent management po- 
sition if opportunity is challenging 
and above average. Excellent experi- 
ence in laboratory development and 
operation, quality control, product de- 
velopment, in plant operations, and 
latest technological developments in 
materials and methods. Self-reliant 
but with excellent contacts in the Food 
Industry. REPLY BOX 743, Institute 
of Food Technologists, 176 W. Adams 
St., Chicago 3, Ill. 


FOOD TECHNOLOGISTS 
An active, confidential service: Interview 
at your convenience. Call, write or wire: 
Gladys Hunting (Consultant) 
Drake Personnel, Inc. 
The Heyworth Building 
Sixth Floor 
29 E. Madison St., Chicago 2, Ill. 


CHEMIST, 
FOOD TECHNOLOGIST 
OR STATISTICIAN 


to supervise all phases of ORGANO- 
LEPTICAL TESTING (experts, pan- 
els, consumers). Previous laboratory 
experience and knowledge of statistics 
desirable. Laboratory is part of large 
food company located in Midwest. Pen- 
sion plan and hospitalization benefits. 
Send resumé to BOX 167 FT, 2 West 
45 St., New York 36, N. Y. 


PROFESSIONAL SERVICES 

Since 1869 Schwarz Laboratories has been 
a leading laboratory and technical service 
to the food and beverage industries. 

We offer tareush, expert advice on food 
problems of all types, analyses, flavor 
evaluations, product development, and le- 
gal testimony. Costs are low due to our 
experience and efficient operation and 
equipment. May we send yeu our brochure? 


SCHWARZ LABORATORIES, INC. 
230 Weshington St., Mount Vernon, N.Y. 
Phone- MO 4-1100 Cable: Swoknip 


WANTED: FOOD TECHNOLOGIST 
& WINE CHEMIST to locate in cen- 
tral California with large National 
concern. Experience with food or bev- 
erage desired. Excellent opportunities 
and company benefits. REPLY BOX 
749, Institute of Food Technologists, 
176 W. Adams St., Chicago 3, IIL. 


FOOD TECHNOLOGIST 


Medium-size food processing company 
in Western New York has opening for 
Food Technologist in Product/Process 
Research. MS degree level preferred. 
Experience not necessary. Excellent 
salary and benefit program. REPLY 
BOX 748, Institute of Food Technolo- 
gists, 176 W. Adams St., Chicago 3, 
Il. 


AVAILABLE: Food Microbiologist, 
Ph.D. Experience in frozen food and 
heat processed food research, quality 
control and sanitation. Publications. 
Desires responsible position in industry 
or an academic position. Will relocate. 
REPLY BOX 745, Institute of Food 
Technologists, 176 W. Adams St., Chi- 
cago 3, IIL 


FOOD TECHNOLOGIST desires re- 
sponsible position centering on applica- 
tions or sales development with food 
or allied company. Offers 17 years ma- 
ture, diversified experience in basic and 
applied research, development and pro- 
duction of staples, specialties and in- 
gredients; heavy experience in proteins 
and hydrocolloids; supervisory and 
managerial experience. REPLY BOX 
746, Institute of Food Technologists, 
176 W. Adams St., Chicago 3, Ill. 


WANTED: Q. C. Inspector for one of 
two new territories being set up in 
California, as plant and product in- 
spector for national chain store pro- 
curement under specifications of full 
line canned and frozen foods. Degree 
in Food Technology or allied basic sci- 
ence. Starting salary $6,000 up, com- 
mensurate with qualifications. REPLY 
BOX 742, Institute of Food Technolo- 
gists, 176 W. Adams St., Chicago 3, IIL 


AVAILABLE: FOOD TECHNOLO- 
GIST-CHEMIST. With extensive ex- 
perience in manufacture, development, 
control and cost reduction of canned 
foods, dressings, pickles, syrups, meats. 
Desires position of responsibility. RE- 
PLY BOX 747, Institute of Food Tech- 
——, 176 W. Adams St., Chicago 
3, Il. 


QUALITY CONTROL 


Excellent opportunity as No. 2 man 
in Philadelphia Quality Control Dept. 
of major dairy processor. Will par- 
ticipate in wide variety of technical 
problems involving new products main- 
taining high quality processing, and 
customer complaints, etc. 

Requires college degree in dairy, 
food or biological science area, plus 
3 to 10 years’ experience in food or 
dairy technology. Good salary and 
benefits. Advancement opportunities. 

Send complete resumé of back- 
ground, education and experience to: 

Z-3, P. 0. Box 2068 
Philadelphia 3, Pa. 


WANTED: Associate Professor — 
Ph.D., teaching and research. Four to 
ten years experience research (indus- 
trial preferred) and/or teaching. Pre- 
ferred: bio-, physical, or synthetic- 
organic chemistry or chemical engi- 
neering. REPLY C. Olin Ball, Dept. 
Food Science, Rutgers University, New 
Brunswick, N. J. 
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the water-soluble mold inhibitor you’ve been asking for! 


Fruit juices and cocktails . . . vegetable juices . . . 
pastries and cakes . pickles... cider... salads... 
syrups and flavored sauces—these are just a few of the 
food products you can easily and profitably protect from 
spoilage with Potassium Sorbate. Potassium Sorbate is 
58 per cent soluble in water at room temperature! Soluble, 
too, in alcohol, brine, and sucrose solutions. So, no 
costly mixing equipment is needed to put Potassium 
Sorbate’s mold resistance in your product. 

Potassium Sorbate is the new companion to Sorbic, 
Carsipe’s food grade sorbic acid. At the recommended 


effective concentrations, both are safe (they are digested 
like butter fat) and neither affect taste, aroma, or appear- 
ance in most foods. Of course, as with any new ingredient, 
you should test them in your own products, 

Sorbic and Potassium Sorbate are available now in 
commercial quantities. Evaluate both Sorbie and Potas- 
sium Sorbate in your products today. Get information 
and SAMPLES from the Technical Representative in 
the nearest CARBIDE office. Or write Department B, Union 
Carbide Chemicals Company, Division of Union Carbide 
Corporation, 30 East 42nd Street, New York 17, New York, 


for longer keeping life... SORBIC and POTASSIUM SORBATE 
UNION CARBIDE CHEMICALS COMPANY 


— 
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giving 
Norda Imitation 
coast 


USE 
Norda Will Vanilla Beans Be Taking a Back Seat? 
IMITATION VANILLA BEAN OIL 


Today's substitute that never sacrifices even the most delicate 
Vanilla effects desired in Mixes, Syrups, Coatings, Fillings, 
Cream Centers, all Vanilla Compounds. 


Boosts flavor - Stands heat - Stores safely - Cuts costs 
Keeps quality - Satisfies customers - Increases business 


SAVE 
BE SURE Norda, 601 West 26 Street, New York 1, N. Y. 


Flavor it with a Favorite 


Chicago + Los Angeles + San Francisco + Toronto + Montreal + Havana + London + Paris + Grasse - Mexico City 
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